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PREFACE. 




HE present volume forms a sequel and con- 
clusion to the First Part of the Aid Book 
published in 1878, which treated of the in- 
ception of Public Works and of the various 
conditions on which the success of engineering enterprises 
depends. In this Second Part attention is drawn to the 
various modes of contracting, and to the circumstances 
which, in each case, determine the design or choice of 
machinery ancj material. These particulars are given 
specially as an aid to foreign or colonial transactions, 
in which disappointment often arises from want of a full 
understanding between those concerned. 

Suggestions for additions to or improvements of the 
contents of these volumes will be gratefully received by 
the Author for use in a future Edition. 

LONDON, Jum i, 1881. 
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|H£ Chapters in the present volume are numbered on 
from those in Part I. to avoid confusion. But although 
reference is occasionally made from one to the other, the two 
Parts treat of different subjects, and may be purchased sepa- 
rately. The Contents of Part I. are enumerated at the end 
of this Volume. 



CHAPTER XIV. 

CONTRACT AND PURCHASE IN THE ENGINEERING TRADES. 

The questions which arise QuMttoni >riiiiiE 

out of contracts f6r public mortcomptHllun 
, , - , * , Inordlnirytndca. 

works, and the various other 
enterprises which depend upon 
engineering skill for their 
achievement, are generally 
more complex than those con- 
nected with the purchase of ordinary commodities. It is intended in '""*£?•««. '"'' 
the following pages to claawfy the principal methods in which purchases 
and contracts are arranged, and, while avoiding purely legal con- 
siderations, to draw attention to some of the more important circum- 
stances connected with them, both in regard to transactions completed 
in the country of purchase and those in which the incidents of export 
have an important place. 

It is the almost invariable practice to arrange prices and con- pric** •mnsid in 
ditions at the commencement ; and although there are certain trans- 
actions in which exact pre-arrangement is impossible, the leaving of 
price or remuneration to be settled after completion occurs now 
much more rarely than formerly. The necessity for such preliminary ReuaiMfsr 
agreement arises not only from the desire of a purchaser to know 
how much he will eventually have to pay, but to enable him to 
choose betwewi two competing sellers, whose ofiers can only be com- 
pared by knowing them at the outset. It is evident that a mere coiii|Mri*on of 
comparison of prices will not alone allow of a fair judgment between ^ 

them. Competitive prices must either be based on precisely similar 
conditions, or the purchaser must be aware of the differences, and 



Mathesons Aid Book. 



[Chap. XIV. 



Bargains have 
three parts : 

z. Agreement to 

sell. 
9. Technical 

conditions. 
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price. 
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have some standard by which to judge. For the present purpose it 
may be said that bargains for the purchase of commodities or the 
performance of works have three essential parts : the agreement or 
contract to sell and buy, technical and other conditions, and measure 
of price. The agreement or contract is sometimes merely verbal, 
more usually by interchanged letters, and sometimes by formal deed. 
Technical conditions of the commodity or works are described or 
implied either by 

I. Specification or Description furnished by the Buyer. 

2; Specification or Description furnished by the Seller. 

3. Sample. 

4. Reputation or Trade Mark of the Seller. . 
The payment or measure of price is either — 

a. A Sum of Money. 

b. According to Schedule Rates. 
^. By Units of Contents. 

d. By Results accomplished. 

e. By Measure and Value. • 



Contracts made by 
letter only. 



Commerce 

hindered by 

elaborate 

documents. 



Formal documents 

evolved by 

recurrence. 



Instances. 



In regard to the first essential — the agreement to sell and buy — a 
large proportion of English contracts are made in the most simple 
manner by the interchange of letters, one letter offering to sell 
certain goods or to carry out cntain works for a specified sum of 
money or other consideration, and a return letter accepting such 
offer. Or the method may be reversed, the purchaser making an 
ofifer and the seller accepting it Extensive commerce could not be 
carried on if every transaction needed an elaborate contract docu- 
ment or the intervention of a lawyer; and the simplicity of the 
English system compares favourably with the formal and tedious 
contracts adopted on the Continent more often than in England, and 
which are apt to repel those unaccustomed to them. 

Formal or legally- drawn documents are usefully applied in the 
transfer of leading commodities, where transactions of a similar kind 
continually recur; use and custom having led by a gradual process to 
the elaboration of forms of contract, or precise clauses, to meet con- 
tingencies suggested by past experience. The printed bought-and-sold 
note of an iron-broker, the charter-party and bill-of-lading of a ship- 
owner, are instances in point ; but in the more frequent transactions, 
for which there is no exact precedent, such elaboration is wanting, and 
the essentials being stated, secondary conditions are only implied or 
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understood, leaving to the common law and custom of the land the 
inferences involved. If such a method of business resulted in vague 
or ill-defined contracts, it could not be justified, and engineers or 
others whose duty it is to draw up agreements should, unless they 
have good precedents to guide them or accumulated experience of 
their own, be assisted by legal advisers. But those who are accus- 
tomed to the commerce of the engineering trades are generally able 
to put into a binding and explicit form the bargain they have made \ 
.and the sufficiency of such forms would appear to be proved by 
their frequent adoption. 

For undertakings of large extent, or which are likely to be pro- 
tracted, it is endeavoured usually, by great care and consideration at 
the outset, to avoid after disputes ; but in all contracts, large or small, 
care should be taken to set forth all the essential conditions, to avoid 
ambiguity, and to make the documents — lettei:s or more formal agree- 
ments, as the case may be — explicit and self-contained. But letters 
make a satisfactory contract only when complete in this simple form, 
but not so when the terms of agreement are distributed through 
numerous letters or a protracted correspondence. If at the time 
of agreement, the usage in previous transactions qualify or extend the 
apparent meaning of written conditions, such elucidation should, if 
possible, be added or embodied in writing while all are agreed, or at 
any rate the words " as customary " be employed. If in previous 
transactions between the same parties a custom has been established, 
such a phrase may serve, but if a common " custom of the trade " is 
meant, then it will be binding only on proof that it is universally 
adopted and acted on in the trade. Accuracy in stipulations of this 
kind is especially necessary where the two parties to a contract are 
not equally informed as to the usage. 

The agreement to sell and buy is conveniently kept distinct from 
the detailed conditions ; and just as a short form of tender and still 
shorter acceptance of it may refer to the most elaborate specification, 
and also even where, instead of such a simple arrangement, formal con- 
tract-deeds bind buyer and seller to a bargain, it is nsual and con- 
venient that the specification of technical conditions should be kept 
distinct. But a contrary custom often prevails, and the general con- 
ditions or framework of a contract are mixed up with the descriptive 
particulars which more properly pertain to a specification. This 
method prevails oftenest when the conditions are stated according 
to the first method in the category on page 2. 
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iS) A Specification or Description furnished by the Buyer may be said 
to imply that the buyer knows what he wants and describes it ; leaving 
the seller no choice but to supply what is so described. A specifi- 
cation may, howeveti be limited to a description of a purpose in view 
or results to be obtained, leaving the seller either free scope in the 
manner of performing it, or necessitating on his part also a specifi- 
cation to show what is intended, and to allow a choice between 
competing sellers. So far as a buyer specifies his wants, he relieves a 
seller of responsibility in the choice, unless the contrary be explicitly 
declared. A specification may consist only of a brief description, oc 
a drawing, or a mere sketch ; but, if such be the basis of a contract, 
it will — so far as it goes — declare where the responsibility rests. If the 
thing or the service asked for be something new, the seller may be en- 
tirely relieved from responsibility if he obey the specification, even 
though the purpose for which it is intended be incidentally mentioned, 
and the article supplied or work done fail to fulfil that purpose ; but 
if the purpose be mentioned and no del^cription be given of tlie method 
of fulfilling it, the burden will be upon the seller of supplying what is 
suitable and fit A buyer sometimes even seeks to combine both ar- 
rangements, but improperly so, />., to decide himself upon the method 
and yet to lay the responsibility on the seller. Thus, an engineer may 
design a bridge, and may make the manufacturer not only responsible 
for following the drawings and giving materials and workmanship of 
prescribed kinds, but, in addition, he may stipulate that the bridge 
shall under a certain test load only bend a specified amount, or that 
one span of the bridge, if it be tested to destruction, shall break only 
with a certain load. Or, a steam-engine of certain dimensions may 
be designed, and a certain working-pressure and speed prescribed, and 
the manufacturer be called upon to warrant an effective horse-power 
of a certain amount A manufacturer who accepts such liability may 
be bound to it, but in such a case he has pledged not only his ability 
as a manufacturer, but his skill as an engineer to verify the calcula- 
tions of the designer. If, without attempting to verify the calculations, 
he rests content on his belief in the ability of the engineer, and the 
bridge or engine fail to reach the specified test — not through any de- 
fect of manufacture, but because the methods and the result are 
shown to be irreconcilable — the manufacturer will have to bear the 
loss ; but probably in such a case, the terms in which he contracted 
would have to be very strictly weighed before such unwisely assumed 
responsibility could be enforced by a legal tribunal. 
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In a specification of the buyer, it is generally inexpedient to de- 
scribe the details of workmanship or the methods to be therein pursued, 
nnless on the basis of a full knowledge of the subject ; for the mis- 
takes or discrepancies which are likely to result will afford room for 
disputes and evasions. It is much better in such a case to describe 
as clearly as possible the ultimate object in view, and in general terms 
the quality that is desired, thus putting upon the contractor the re- 
sponsibility of doing what is evidently demanded. The force of such 
general terms is weakened by adding detailed instructions, unless the 
the latter be very complete, because their presence in regard to some 
parts implies that the contractor is to look to the specification for in- 
structions, and that, where absent, no particular methods are desired. 
But there are cases where the opposite plan is preferable. Thus, 
there may be some article which can only be tested by long use, and 
any composition or method of manufacture which has proved best in 
the past may be prescribed with advantage. The alloy for an engine- 
shaft bearing, or for pump-barrels, is sometimes specified with 
much minuteness where seemingly more important parts are left to 
the manufacturer. 

The advantage to the buyer of affording a full knowledge to the 
seller of what he will be called upon to do under an anticipated con- 
tract is so well understood by those experienced in such transactions, 
that much trouble and expense are frequently bestowed on the calcu- 
lations beforehand of the scope or extent of a coming undertaking. 
Buyers do not alwa}'s recognise what is involved in the omission of 
such an investigation, or the putting the burden of it on the seller. 
Particulars presented to manufacturers or contractors upon which to 
frame their tenders may be insufficient in the sense that they are 
vague or incomplete, or in another sense, that while full and elabo- 
rate, they are so voluminous as to be difficult of computation. As 
an example of the first kind, if a buyer ask for a steam-engine of a 
certain power, and omit to state whether it is to include a boiler, or 
at what pressure it is required to work, or how its power is to be com- 
puted j or if a bridge of a certain span be required, and no width of 
roadway or amount of load be stated, the various prices which dif- 
ferent manufacturers under such a specification may offer will of 
themselves afford no true basis for comparison. Indeed, were it not 
the case so often that those not technically informed do present a 
meagre specification, and act upon prices unaccompanied by a speci- 
fication of the seller, the fallacy of such a method would appear too 
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For lowest offer obvious to be mentioned. For of such prices, the lowest will probably 
quAiity. come, not from the manufacturer who will do what is reallj wanted 
most cheaply, but from him who has interpreted most lightly the duties 
involved, or who mill venture— in good faith possibly — on the lowest 
margin of strength and safety in the structure. The knowledge among 
competitors of this inconclusive method of comparison tends to de- 

SpecificAtio^^from grade the quality of commodities. A comparison of offers based on 
necessary. an insufficient specification of the buyer can only then be made by 

See pagtt II and rj, x^^^TOiig ^\^ gach prfce a description of what it is intended to 

supply ; and this method of contract involves certain contingencies 
which will be presently described under the head of Specification of 
the Seller. It is very difficult in the case of certain commodities to 
apply a standard of quality. Thus, in the purchase of iron or chemi- 
cals, the real value may be ascertainable only by elaborate tests or 
analysis, and purchase by sample or by units of contents becomes 

Particulars varied expedient. And in the opposite case referred to above, the draw- 
er voluminous. . jji'.* e \ •i.xi- 'jji* 

ings and descnption of works might be so varied and voluminous 

as to involve great trouble and expense in calculating the value of 

what they represent. 

Calculation of The first Step in making an estimate of cost is to reckon up the 

quan es. quantities of material and labour required. In simple matters, each 

competitor may be left to calculate these items : for instance, in the 

purchase of a steam-engine or a lathe, there is no need to tell the 

seller the number and dimensions of the various pieces in the machine, 

Sometimes^ left to qi its weight. And, in regard to larger and more complicated works, 

the purchaser may deem it best to leave each competitor to caf- 
culate in his own way the cost of the undertaking. Indeed, the 
Sell r m ^^ ^^^ experience which enables one contractor to estimate, more 

prefer it. correctly than another, the cost of works, is a distinct advantage 
which he may desire to retain ; and, if the competition be limited to 
a few, he may prefer to take the trouble which such calculations 

Not advantageous involve, rather than have facilities granted to alL But it is question- 
to purchaser. o ^ 

able if it is to the advantage of the purchaser to limit the com- 
petition to the few who are able to calculate the quantities of works, 
for ability to carry them out may be more widely found. And, if 

Contractors may j . . , • , , 

b« unwijUns: to numerous tenders are invited, even expenenced contractors may be 

unwilling to make troublesome estimates where the chance of success 
is but small. On the other hand, there are certain undertakings in 
which the cost will depend mainly on the methods pursued, and 
where there is no difficulty in calculating the quantities. But to 
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calculate from drawings and description the quantities of some Elaborate 
important work like a railway, a harbour, or a bridge, is often 
a protracted and expensive operation; and not only is much 
waste of time and money involved by putting the burden of this 
on each competitor when it might be done once for all, but there tUfflrenUy. 
is the probability that the apparently most favourable tender will 
come, not from the contractor willing to work most cheaply, but 
from one who has arrived at the lowest measurement It is customary, 
therefore, in important undertakings, for the buyer to calculate the "°incc fo?fl5?**** 
quantities and to furnish a list of them to the competitors, so that 
each may form an estimate on a similar basis. So much does the 
custom of calculating the quantities beforehand prevail in certain 
trades, such as the building trades, that a separate profession, that surveyo™. 
of quantity surveyor, has arisen to satisfy the demand, and '' bills of 
quantities," calculated by able and impartial surveyors, are accepted 
by buyer and seller alike as a basis of a contract. Quantities so fur- buu of quantities, 
nished serve as a useful check on the drawings, and allow a buyer to 
verify, more easily than he otherwise could do, that he has obtained 
all that he bargained for, for where quantities have not been agreed 
upon, opportunities for evasion are more frequent Thus, in the case 
of a large bridge, or roof, or other structure of iron, it is difficult to 
measure exactly the thickness of the various parts, and a manufacturer 
whose price might be two per cent, the lowest, might perhaps supply Advantages which 
five per cent less weight than a skilled surveyor would have calcu- setaUoj^eM, 
lated from" the drawings. A previous agreement on the weight to be 
supplied removes this risk ; and, moreover, the relation of price to 
quantity affords a convenient standard for measuring the value of ad- 
ditions or omissions. Payments based upon schedule will be presently stepage 21. 
alluded to. A bill of quantities is particularly necessary when one J^n defining extent 
set of drawings serves for more than one contract, as without such a 
definition, disputes may arise as to which of two contractors is to 
execute certain work. 

Simplicity in the form of contract is most usual in cases where 
buyer and seller are equally well informed and come into immediate 
contact and agreement The more formal or elaborate contract docu- 
ments often have the characteristic — in which they differ from almost 
all other commercial agreements — that they are drawn up entirely on often one-sided.* 
one side, and are not arrived at in the usual way by discussion be- 
tween the parties concerned, and by that modification of clauses 
which different points of view suggest. Such a preliminary discus- 
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sion being obviously inconvenient and almost impossible in the mul- 
tifarious cases where contracts for the supply of commodities or the 
carrying out of works are presented for competition, it would appear 
^"^*equitiSfe***^*'^ desirable for the buyer, instead of looking from one point of view 
conditions. ovXj^ as might be justifiable where modifigation from the other side 

were to follow, to prepare such equitable conditions as should at 
once command the confidence of the contractor. 
Buyer's Evcu in the best of contracts, drawn up in the interests of a buyer, 

obliflratlons not . *^ -^ ' 

defined. the obligations of the seller will generally be much more strictly de- 

fined than the return obligations of the buyer, who often has duties 
Left to inference not confiued merely to certain payments of money. Questions which 

may arise out of these points will have to be decided on inferences 

drawn from the general tenour of the contract, and such uncertainty. 

Certificates. if carried too fiu*, is unsatisfactory to both sides. As instances, a 

Set page a3* Pt^rt /. g^^gj jjj^y \^^ bound to deliver, but a buyer may not in terms be 

bound to receive, or to send the inspector whose certificate is pre- 
liminary to reception ; and being thus unready, may be unwilling to 
pay. Or, in the carrying out of works, the employer may fail to have 
the site ready at the proper time or to provide right-of-way to it, and 
as these obligations are not referred to in the contract, it is by im- 
plication only, and as a condition-precedent to be inferred, that a 
Certainty and Seller Can obtain compensation. Certainty and precision are the best 

basfs for ^contract, bases for a contract, and if those who, unopposed, have the formu- 
lating of an agreement, make it one-sided or unduly stringent, it is 
against the true interests of the buyer for whom they act. 

Price enhanced by As has just been secu, an exact estimate of cost is only possible 

uncertainty. ■' , ' . ^ ^ 

where the commodities to be supplied or the services to be rendered 

can be exactly measured ; and if there be doubt as to what may be 

demanded, an addition is made to the estimate by way of insurance 

Cost may depend premium against contingencies. In contracts for public works, the 

on action of . /• . . . • i>/. > . 

ensrineer. cngmccr frequently takes power to make certain modifications as the 
work proceeds, or important details are left to be carried out as " the 
engineer may direct ; " but unless this latitude be strictly defined, or 
corresponding alterations in price arranged, uncertainty will hinder a 
proper estimate of cost ; and the worst of all risks is one depending 
Reasonable ou the actiou of another person whose motives are unknown. If, 

however, it is only intended, and is so expressed, that the contractor 
may be called upon to obey details which, though propounded after the 
contract is signed, shall be such as may be reasonably inferred from the 
contract drawings and specification, such a condition may be accepted 
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as fair. Uncertainty of this sort may, however, lead to absolute un- 
fairness j for if a favoured contractor had interpreted to him the real 
intention of clauses (which without such explanation have wide limits), 
he could measure, more exactly than his competitors, the cost of the 
undertaking. It is worth much trouble to prescribe everything at 
the commencement, and where this is impossible, modifications in 
regard to works or material should be provided for by schedules 
of rates or prices, so arranged as to allow easy analysis or com- 
parison. Contractors who have much to lose, and who, therefore, 
are presumably best fitted to carry out a contract, hesitate to en- 
gage in one which they cannot measure ; or if they venture, they 
do so only at an enhanced rate. Tenders without such enhancement 
are made only by those who are ignorant of the risks, and therefore 
ill-fitted for the work ; or by those who are willing to speculate or 
gamble in unknown risks. 

Assuming that the extent of works or services to be performed or 
commodities to be supplied is so defined as to allow appraisement, 
there still remains as a point of great importance, the jurisdiction 
under which the contract is to be carried on or by which possible 
disputes must be settled Strong and impartial tribunals, in all 
countries which possess them, afford great encouragement to com- 
merce, for exact calculation of expenditure and profit can be made 
only when all risk of confiscation is removed ; and the certainty so 
induced allows, in the competition of traders, a cheapness in price 
which is to the general advantage of the community. When such 
confidence is wanting, and where the rights of either side are in- 
secure, public works are n^lected and commercial enterprise of all 
kinds checked. But vety often, the insecurity arises even where the 
laws are just, because by the terms of the agreement some other and 
outside tribunal is substituted. It is in contracts based on a specifi- 
cation of the buyer that such an evasion of the law is possible, 
because of the opportunities afforded of making one-sided and in- 
equitable conditions. 

Litigation on technical matters is in all countries tedious and ex- 
pensive, and there has been among trading communities a tendency 
to provide against litigation by a reference of disputes to arbitration ; 
and the tendency has, in England, been encouraged by the practice 
of judges to refer cases from their courts, and by direct legislative 
enactments making arbitration awards binding. Indeed, in some 
cases, the habit of the judges to refer cases to arbitration has out- 
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Stripped public opinion, and litigants desiring the decision of a judge 
and jury, have been thrust back on a tribunal little or no less tedious 
and expensive, and whose decisions are less authoritative as pre- 
cedents. The appointment of an able or impartial arbitrator is 
obviously a matter of the first importance, and if he be not named in 
the contract, it is usual to specify the method of choosing one: 
Among architects and builders in London, the necessity for conditions 
fair to both sides led even to the drawing up of a set form of agree- 
ment, which is frequently adopted as a basis for contracts; the con- 
ditions of the building trades in London, the relation of client, 
architect, and builder peculiar to England, and the general similarity 
of the undertakings in question, having rendered such a standard form 
possible. Some such method would be preferable to the custom 
which too often prevails of appointing, as a condition of the contract, 
the buyer's engineer as arbitrator without appeal, a practice evidently 
inequitable though, possibly, convenient. 

Engineers who have the conduct of important wdrks, and who, 
perhaps, have had unpleasant experience of past disputes, demand 
such a condition, because it gives them full power over a contractor ; 
and it is because the engineers who have inaugurated this system are 
men of eminence and position, into whose power contractors have been 
willing to place themselves, that so bold an innovation has prevailed 
at all. But such a condition is obviously unfair, for points in dispute 
are likely to arise from some act of the engineer himself, who is thus 
made judge in his own cause. Moreover^ an engineer may make 
mistakes causing expense, and it is inequitable to give power to the 
engineer to save his client from loss and himself from blame by 
putting the burden on the contractor. The courts scan very rigidly 
such powers given to an engineer, and when constrained to en- 
force them, characterise them as unfair, and reprobate strongly the 
pressure put upon contractors to induce them to contract away their 
common-law rights. Much indirect harm has been wrought by 
the establishment of such a custom, for it has been adopted by 
engineers not entitled to the confidence and consideration given 
to those who inaugurated it. The inequity culminates when such 
powers are claimed and made a condition of contract by engineers 
who have not the independent position which might in rare cases 
justify such power. 

The desirability of encouraging contractors to compete whom such 
risks repel, and the obvious advantage of giving that confidence and 
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certainty of justice which best induces low prices, and in deference 
also to the expressed opinions of the judges, this custom has been 
abandoned by most State departments, and equitable arbitration 
conditions are provided. 
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(2) The Specification of the Seller is made the basis of a contract 
most often when the commodity sold is one of an accustomed kind, 
or is a specialty of the seller, or is one in which, for these or other 
reasons, he is independent of outside skill in design. The use of 
this method of contract does not, however, entirely depend on such 
considerations, but in England arises from various other causes. The 
functions of the professional engineer are kept more distinct from 
those of the manufacturer or contractor in respect of some branches 
than of others; and while, in railways, harbours, and the works 
arising out of such undertakings, the civil engineer generally presents 
a complete design to the contractor, in other and more purely me- 
chanical works a specification of the seller is invited. Thus while, on 
the one hand, for works involving operations with land, docks, 
bridges, buildings, the making of the design is a separate function, 
on the other hand, the designing of steam-engines and machines is 
generally left to the manufacturer. The habit of specifying only the 
purpose in view or the result to be achieved, and inviting the manu- 
facturer to propose his own method of doing it, prevails more fre- 
quently in the United States than in England. In America there is 
not the same line of demarcation between the professional and manu- 
^cturing engineer, and no etiquette forbids the combination of the 
highest skill in public works with the commercial enterprise of the 
trader. Thus, an engineer-contractor will propose his own method 
of constructing or improving a harbour, of making a railway, or sup- 
plying a town with water, and the condition that payment shall 
depend on success induces confidence in the offer; or a railway 
company requiring a bridge may furnish to numerous manufacturers 
certain particulars in regard to site, span, rolling load, and limit of 
strain ; or, in the case of a locomotive, the load to be hauled, the 
gradients, and other essential particulars ; and then each manufac- 
turer is invited to submit with his tender his plan or specification. 
This method, while implying considerable enterprise on the part of 
the manufacturer, and his willingness to incur preliminary expense 
with a view to after profit, has the great advantage to the purchaser 
of eliciting the ideas of numerous designers. Moreover, it allows 
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economy in execution, because manufacturers are encouraged to 
employ the highest engineering skill, and being thus allowed to work 
in their own way, can venture on special tools or preparations, or 
can keep suitable material and even finished parts in stock ; while 
where, by the custom of the trade, every buyer presents some new 
idea or design for execution, no such preliminary saving can be 
effected. 

But though it may appear easier to the buyer to appreciate and 
criticise the designs of the seller than to originate similar designs, 
skill and discrimination are needed to measure and compare the 
respective merits of numerous offers propounded according to dif- 
ferent specifications, which depend upon technical details. Fre- 
quently the terms of such specifications afford an insufficient basis of 
comparison, and the decision has to be guided by the apparent or 
known ability of the various competitors, or by their conduct in pre- 
vious affairs. In so far as such considerations prevail, they bring the 
transactions into the category, presently to be described, of purchases 
based on the reputation of the seller. The skill which may be 
required to distinguish between competing offers may also have to be 
applied to the inspection of the work during or after execution ; for 
though the specification may be that of the seller, the due fulfilment 
of it has as much to be insured as though the conditions had 
originated with the buyer. 

The specification of a seller often affords valuable information, 
especially if the description includes drawings or designs ; and the 
best manufacturers are often averse to supplying such information, 
except when assured of fair play. Where it is intended by the pur- 
chaser or his agent to buy from a particular seller, and other offers 
are asked for, either to give the semblance of competition or to 
elicit prices, which can then be offered to the favoured seller, such 
a course of action is uncandid and unfair. In some cases the esti- 

• 

mate or tender of an experienced contractor is, as an assurance that 
certain works can be performed for a specified sum, of as great value 
to a purchaser or rival contractor as a design or any other essential 
part of an undertaking. And wlien the purpose is to elicit not only 
prices, but technical information and designs, with no intention of 
paying for them or purchasing the things or works they represent, the 
transaction is very much like one of obtaining value by false pretences. 
The specification of a seller is often as one-sided as that of a 
purchaser, for, like it, it is drawn up in the interests of only one of 
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the parties concerned. All the merits of the article ia question are 
probably set forth, but suggestions which will enable the purchaser 
to see the demerits and to choose what is better or more suitable are 
too seldom given. The specification of a seller is sometimes that 
given in a printed catalogue or price-list, where it may consist only 
of a* brief description or even of a mere picture. But even though 
the specification be of this meagre kind, tlie seller is not relieved 
from responsibility. The article sold must be reasonably fit for its 
specified purpose. More than this : where a manufacturer, or dealer, 
or contractor, agrees to supply an article which he is accustomed to 
manufacture or sell, to be applied to a particular purpose described 
to him by the buyer, who thereby tnists to the seller's skill and 
judgment, it may be reasonably inferred that the article sold must be 
fit and suitable for the purpose in view ; and the responsibility for 
such fitness will rest with the seller. 

'Purchasers are greatly assisted by catalogues of manufacturers or 
merchants, and indeed, the commerce of certain trades could not be 
carried on without them, especially in foreign countries, where pur- 
chasers have no other immediate access to the seller. Although, in 
the case of important commodities, the catalogue of a manufacturer 
may be preferred, there are some trades in which the interposition ot 
a factor is almost essentiaL Thus, in the case of hardware, tools, and 
other minor articles, the actual manufacture is so divided as to 
render most tedious the collection of each article from the separate 
maker by a purchaser, who finds he can obtain what he desires 
better and more cheaply from a factor of repute, accustomed to the 
trades in question. Sometimes the intervention of an engineer, 
technically acquainted with the articles required, is necessary to select 
or verify the purchases. For the catalogue system is greatly abused, 
and there are some so-called manufacturers whose stock-in-trade is 
nothing but a catalogue, and who tempt purchasers by offering in- 
ferior goods at apparently low prices. The engravings may be well 
executed, and there may be nothing by which a purchaser or mer- 
chant can detect the truth, for the qualities which really determine 
the comparative value of two articles apparently similar are not 
easily discernible by the uninitiated, to whom it may appear a mere 
waste of money to pay the higher price. The suitability of the de- 
sign, the proportion of the parts, the quality of material, and the 
accuracy of the workmanship, determine the fitness and durability of 
a machine for the desired purpose. 
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But wh3e, in the case of machines, apparatus, or material, which are 
of an accustomed kind, and which may be enumerated in a list, 
catalogues are easily compiled, there are, on the other hand, many — 
and among them the most important — of the trades connected with 
engineering, where precise catalogues are impossible because of the 
ever-varying nature of the commodities manufactured. Thus there 
are factories where steam-engines, mill machinery, or hydraulic 
apparatus are made, and in which every case as it arises differs from 
all that have gone before it. So also in the case of structural iron- 
work, manufacturers of ships, bridges, and roofs find it almost im- 
possible to compile a price-list, because the same combination of 
dimensions or conditions never repeat themselves, and structures 
must be contrived to meet each case. Many manufacturers of repute 
are for other reasons averse to printing catalogues. They stand upon 
their reputation, and are unwilling to publish drawings and prices 
which will be compared with those of rival or inferior manufactureif^, 
by persons who are unable to discriminate between them, or who 
may use the information to the disadvantage of the seller. But in 
both the cases mentioned above — namely, in that where, from the 
nature of the goods, catalogues are impossible ; and in the latter, 
where disinclination rather than difficulty is the cause — much might 
be done to meet the convenience of purchasers and at the same time 
promote the interests of the seller. Many a profitable piece of 
business is hampered or gets into wrong hands, because the purchaser 
has nothing to assist his choice, and does not know where to look 
for guidance. If, therefore, manufacturers who are unable or un- 
willing to publish catalogues could give directions to purchasers how 
to approach them, they would by that alone confer a great service. 
They need not furnish drawings, they need not even give an inkling 
of prices, nor describe their goods, but they could inform a would-be 
purchaser what particulars he must furnish to allow a proper choice, 
what conditions of purpose or durability will determine price ; and, 
in fact, explain what preliminary steps are necessary to enable those 
who wish to buy, but who are ignorant, to approach those who wish 
to sell and are well-informed The position and probable knowledge 
of the purchaser should guide the seller in the information he sup- 
plies. But in regard to particulars of this kind, and indeed generally 
to specifications from the seller, the condition of trade at the par- 
ticular time does much to determine the willingness of manufacturers 
or contractors to afford information ; and while, on the one hand, 
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traders may, in prosperous or busy times, decline with too much in- 
dependence all preliminary trouble, so, on the other hand, purchasers According to 
are apt to take advantage of dull times to demand from traders the 
gratuitous supply of designs, prices, and preliminary information of 
great value. 

(3) Sample is not only frequently made the basis of a contract to pur- Purchase based on 
chase, but occasionally also of contracts for the carrying out of works. 
Sometimes the sample is provided by the purchaser, who offers thus 
a common standard for all competitors, while sometimes each separate 
offer is based on a sample of its own; these two methods bearing the proviL^samplr 
same relation to each other as the specification of the buyer and that 
of the seller already described. The purchaser, by allowing the i^lord widc'cfoice 
sellers to furnish their own samples, has a wider choice than if a fixed ^^ ^©^ prices, 
standard was prescribed, and presumably, at the lower prices which a 
manufacturer or dealer will offer for an accustomed design. If th^ 
object of the purchaser be to obtain a choice of numerous kinds, the 
system of separate samples may be preferable ; but if the latitude is 
merely to elicit low prices from manufacturers, it will generally be 
found effective only for contracts of small amount ; for in large con- 
tracts which will repay the cost of special preparations, manufacturers 
will generally be ready to work as cheaply to a sample of the buyer 
as to their own. For instance, on a railway of considerable extent, chSi*7*woS53to 
an engineer will generally demand exact conformity to a standard f®*" *jggj 

sample for the smallest detail of equipment ; while if material only 
for one mile of railway be required, the engineer's choice of design 
might well be guided by what manufacturers had ready-made, or 
could most readily supply. ' But in any case cheapness is promoted See also ^age 24, 
by conformity to accustomied systems of measurement and price. 

It is pften easier or more convenient to ^specify various qualities of beBt*pec?fied by 
a commodity by sample than by a written description; and this is es- sample, 

pedally the case where exact uniformity with something that has gone . 
before is required. Such uniformity may be in colour, form, dimen- 
sion, or other quality ; and may in any of these respects, demand re- 
semblance so exact as to render the old and new interchangeable. 
Thus, there may be parts of a machine or apparatus constantly wear- 
ing out, where the new must fit with accuracy the place of the old ; 
or, as in the case of ammunition, where conformity in a new supply ^foralty u 
to established standards may be absolutely essential. Or, as in the needed. 

case of railway equipment, where the material of the permanent-way. 
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or certain parts of the rolling stock, must be similar ia kind and size 
As in railway throughout, the Standard presented i(x imitation being considered 

rather as a pattern than as a sample ; other qualities than those of 
form and size being declared by a written specification. 
Comparison by A Comparison of the bulk with a sample often involves tests, assay, 
See alto page 29. o^ analysis; and where examination in this way is likely to be resorted 

to, a preliminary agreement as to the various qualities of the sample 

should be made between buyer and seller, so that the sample itself 

need not be examined to afford a basis for comparison in these 

fara^i^^combined' rcspccts, but may remain to serve as a pattern for form, dimension. 

See RoLLSD Iron, colour, or workmanship. In some cases, such as that of wrought-iron, • 

tests by bending may be specified, and the sample serve to show the 
amount of bending or distortion to be undergone, while other tests 
for strength and ela^iticity may be described in writing. In some 
cases, absolute conformity to a sample is not demanded, but within 
certain limits, latitude is permitted and allowed for in the price. 
Contracts so arranged may then come within the category of Purchase 
See pages 21 and bs. by Schedule, or by Units of Contents, which will presendy be de- 
scribed. 
Sample ai basis Sample is occasional made the basis of contract for the carrying 

for larfl^e works. /^ _ . . . , . , . -% y 

out of large works. For mstance, in the extension of a railway, the 
line or direction and the levels having been agreed upon, the kind 
As in a railway, of material, soHdity of works, and the amount and quality of equip- 
ment are summarily specified as to be equal to those of the existing 

Or in f as-worka. railway, or of a neighbouring line. So also, in the case of a new gas- 
SeeCkap.xL, lighting Undertaking, the contract may briefly enumerate the area 

to be covered and the number of lamps, and in all else refer to the 
works of some other town as the standard of quality to be followed. 
Contracts of this kind may, by their very simplicity, avoid occasions 
for dispute ; but, on the other hand, unless the circumstances be 
exactly similar to those of the prescribed standard, abundant oppor- 
. tunities for difference will arise for litigious persons. Such a method 
of contract is most suitable between persons who know each other, 

Where applicable, who by reason of previous transactions attach the same meaning to 

words, and above all, who have the intention, mutually appreciated, 
to carry out the undertaking equitably. 

b»Sk*^ith sampfe. ^ buyer by sample is not considered to have accepted goods till 
see also page 29, hc has had a reasonable opportunity for examining and comparing 

them. If goods be found to contain defects, and it be discovered on 
examination that the sample has hidden defects of a similar kind un- 
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known to both sides, the seller cannot plead this as a justification for 
what he has supplied. On the other hand, a buyer cannot claim to 
have bought by sample merely because, tluring the negociations, the 
seller has exhibited specimens of his wares, and given certain assur- 
ances. The law is very strict in requiring evidence of warranty, 
and without touching here upon legal questions, it may be said that 
where any order is given in writing, it supersedes all verbal commu- 
nications that have gone before; and the terms of such written order, 
rather than of any assurances which preceded or accompanied it, will 
be considered as the contract Therefore, if specimens or samples 
have formed part of the preliminary discussion, and conformity to 
them is required, such a condition must be clearly set forth in the 
agreement to purchase, and not be left to inference only. The pur- 
pose of the sample in regard to which of its qualities — ^material, 
dinaensions, or other — conformity is required, should be specified. 
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(4) The Reputation of a manu&cturer, contractor, or dealer may 
induce such confidence in his ability and fairness, as not only to 
render the competition of other traders unnecessary, but also to 
obviate the necessity for a specification of quality. Buyers who have 
had previous satisfactory dealings with a seller, will continue to pur- 
chase from him, and a large proportion of the trade of the country is 
conducted in this way. The nature of the contract, its quantity 
or extent, and the real purpose desired by the purchaser having been 
sufficiently described, the quality of material or workmanship is con- 
sidered to be sufficiently assured without the minute enumeration in 
detail of the methods to be followed, or other conditions which 
generally accompany a specification of the buyer. Or, the seller is 
invited himself to describe what he will do, and to propose the con- 
ditions under which he will work ; contracts arranged in this way 
coming within the category just described, of those based on the spe-^ 
cification of the seller. Or, in other cases, the description of kind or 
quality may be summed up, by the buyer referring to something pre- 
viously done by the seller, thus in effect basing the contract upon 
sample and reputation combined. An established reputation is 
valuable to purchasers who, being concerned more for the proper 
carrying out of their wishes than for buying on the cheapest terms, 
buy where they think they will have the least risk \ and especially 
may this be prudent, when business is tran^cted from a foreign 
country. It is considered that the trouble of seeking for competi- 

c 
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tive prices, and the inspecting the work before payment, will more 
Wider choice than outweigh the saving in cost that might be obtained. On the 
preferable. Other hand, where an existing organisation of engineers, agents, or 
others is available, advantage may be taken of it to obtain a wider 
choice ; and this is sometimes desirable, not merely for the sake of 
possible cheapness, but because novel or improved methods and 
kinds may have arisen. 
Trade-mark or The reputation of a maker or dealer is frequently embodied or ex- 
pressed in a trade-mark or brand, this plan being useful or necessary 
. where the commodities are of a kind which reach the ultimate pur- 
chaser or consumer through an intermediary ; some mark or sign 
^" *ori^?*^* **' actually pertaining to the commodity, being necessary as an assurance 

of its origin. The trade-mark is often convenient as expressing the 
quality of material to be used by the intermediary in some finished 
^**" of Iron!"***"* article; as, for instance, where an iron bridge or boiler has to be 
Sit Rolled Iron, made of Certain plates, the trade-mark on each plate will afford last- 
ing evidence, even after the plates have been manipulated and 
fashioned into the bridge or boiler, which would be wanting if cast- 
iron or brass, not so easy to be branded, were the material in ques- 
Trade-marks of tiou. Trade-marks are used sometimes to denote the origin of, or 

secret mixturea. , ... . 

property in, certain secret or empmcal mixtures which have a sup- 
posed value. Thus, there may be a peculiar kind of paint or metal 
alloy, concerning which an inventor or dealer may wish to associate 
some name or mark that will identify it as his own monopoly. Or, 
when placed upon some apparatus or machine whose nature or con- 
Trade-mark more struction is evident, a trade-mark may give a more permanent mono- 
''^patcnt-rightr" poly to the maker or dealer than would a patent-right limited to a 

term of years, because while, after the term expires, the right of 
manufacture becomes common, the monopoly of the trade-mark will 
remain. But obviously its value will continue, only so long as the 
seller can induce the belief that his mark or guarantee is the true 
test of quality, rather than the form or appearance of similarity 
which may be given by others. 
Trade-marks Trade-marks have their highest value to purchasers in distant 

valuable in distant '. j-jj ^j t i_*i. /•• _^ 

countries. countnes ; and, indeed, some trade-marks which are of importance 
there, are hardly known at all in the country of manufacture. Rolled 
iron, galvanized sheets, and steel tools are among the most familiar 

Instances. examples connected with the engineering trades. To the ordinary 
purchaser, and indeed often even to experts, there is little in the out- 
ward appearance to denote quality ; and the trade-mark gives an 
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assu^nce not only of quality, but of kind also, so that, even in 
places remote from the port of arrival, the purchaser may know by 
reference to the trade-mark, that he is getting what he asked for. In 
the case of certain commodities, such as tools or agricultural imple- 
ments, the name of the maker is the best of all trade-marks, and if, 
with the name or appellation, a purchaser states the size or number, 
so as to identify what he requires, the specification is complete. 

An established trade-mark, while conferring rights on its possessor, 
involves obligations which justify the protection which the law affords 
it. The identity of origin which a trade-mark conveys, is a pledge of 
quality given by the seller, whose reputation would suffer by any 
default j and so well is this understood, that the proprietor of a trade- 
mark will generally take care to maintain the quality, even if circum- 
stances induce him to sell at a low price. But where cheapness is 
demanded, the proprietor of a trade-mark will try to meet the case by 
selling goods " unmarked," /.^., without the trade-mark ; but if the 
trade-mark be insisted on, then, whatever the price, the quality which 
repute associates with it will be given. Sometimes a manufacturer 
will have various trade-marks, to denote different kinds or qualities. 

Trade-marks do not always belong to a manufacturer, but some- 
times to a dealer or merchant, who, buying where he pleases, gives his 
stamp or guarantee of quality. A trade-mark or brand may, in such 
circumstances, merely imply " imported by " or " examined by " the 
owner of the mark ; but the buyer is careless of the actual origin of the 
goods, if it has been proved by experience and expressed in an 
established reputation, that a certain kind or quality will be foimd 
associated with the mark. This kind of trade-mark may be compared 
to the resale of goods after an auction, where a would-be purchaser, 
having no confidence in his own knowledge of the goods offered, and 
who, therefore, abstains from bidding, may be willing to offer an 
advanced price to a well-informed bidder, whose bids, if honestly 
given, may be considered a guarantee of value. 

The system of trade-mark or brand is liable to be abused. The 
actual falsification of such marks, or the fraudulently placing 
under cover of real marks, inferior goods, are risks which have 
been greatly lessened by the international treaties which protect 
trade-marks in foreign countries. But sometimes a trade-mark, im- 
plying really no special quality, may, by persistent assertion, attain a 
reputation undeservedly high among buyers. Or, in other cases, 
where the mark really implies all that is supposed, a buyer at a 
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'"•'•tjnce on one distance may unnecessarily enhance the price he has to pay, by ii^sist- 
price. ing on one particular brand, while a qualified agent, with some 

latitude allowed him, might choose between several brands equally 
good, or by his own knowledge, venture safely to buy unmarked goods. 
Instance. fj^jg course may, for instance, be rendered expedient when there has 
been a general fall in the price of some commodity which has not 
been followed by the goods of a certain brand, and which, therefore, 

^bnindcST'oode *** "^^^ remain at a price above their relative value. Able engineers often 

pointedly abstain from specifying trade-marks, and, by insisting only 
on a prescribed quality, obtain the benefit of an imrestricted compe- 

5SrX!!n?2?iif' tition. In some trades, certain conventional marks which have no 

common markB. ' 

real meaning, and which are common to all who choose to employ 
them, are used, this chiefly occurring in the class of goods exported 
to ignorant or half-civilized peoples. 

I 

Referring to the various modes of payment and measures of price 
enumerated on page 2. 

^thle meiiure*of ^ ^^) ^ ^^^ of Afofuy is the most usual and simple measure of price 
price. for goods to be supplied or work to be done. The price of a com- 

modity that can be clearly defined — a steam-engine, for instance, or 
a plot of land— is naturally expressed so, and there is no need of any 
This method Other method ; and it is only when the peculiar nature of the contract 
inconvenient. renders this method inconvenient, that the consideration or payment 

is stated in some other way. To the purchaser, at any rate, a fore- 
knowledge of the exact sum to be paid is convenient ; and it is 
generally the aim in all kinds of contracts, whatever may be the 
precise way of arriving at it, to agree as nearly as possible at the 

^price obtl^cd.**^ pricc. So much do purchasers generally desire this precision, that 

even in complicated transactions, where it is difficult to appraise before- 
hand the costs and charges, a price stated in one sum is preferred, 
because it may be supposed to save all risk of extra charges, even 
though some other measure would appear to allow a lower and fairer 

**^L^moved^ *^ valuation. A seller or contractor who is asked to tender for goods 

or works which, from their quantity, kind, or extent cannot easily 

be measured in advance, will, on the other hand, offer cheaply only 

if he is allowed to stipulate for extra payments should certain events 

enhancet^^e ^"^^^ ^^> howevcr, only offers at a fixed price will be enterta,ined by 

the purchaser, then an addition is made to the price to provide for 
contingencies — in effect, a premium of insurance against risks. The 
advantages howeyer of knowing from the beginning what is to be 
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paid, often fully justify such a course. As the removal of uncertainty 
allows a close estimate of cost, contract by a fixed price is facilitated 
when, by a preliminary calculation of quantity, the extent and nature 
of the contract is ascertained ; and, as has been seen, this investiga- 
tion is sometimes performed by the buyer and sometimes by the 
seller. Even with this assistance, the responsibility undertaken by 
a contractor sometimes involves considerable risk. Thus, the supply 
of goods or the carrying out of works may be spread over a long 
period of time, within which there may be great fluctuations in the price 
of labour and of material, which cannot be altc^ether met by pre- 
liminary agreements or purchases oh the part of the contractor. For 
instance, in railway works, some special cause may drain the neigh- 
bourhood of workmen or make labour scarce and dear; or the 
material to be excavated may prove to be. much more difficult than 
was anticipated. More than this, contractors are sometimes required 
to include what is not properly within their province, such as the cost 
of land, the compensation for damage to occupiers, or even the 
raising of capital on shares. There is the disadvantage to the 
purchaser, when this system is adopted, that while the contractor 
reaps all the profit if circumstances prove easier than was anticipated, 
on the other hand, the burden may prove too heavy if the contingen- 
cies are greater, and the contractor may be unable to carry out his 
engagements. From causes such as these are owing, on the one 
hand, the large profits accumulated by the fortunate contractors, and 
on the other hand, the heavy charges which purchasers have had to 
bear in the transfer of contracts to new hands. Indeed, speculation 
is sometimes fostered by such a system, and contractors, sanguine as 
to the profit, may venture on undertakings whose risks may be too 
great for their means ; and the security or sureties which may be 
demanded by purchasers to provide for such an event may prove 
insufficient, or at any rate throw the burden of loss on to others. 
While, however, purchasers may insist on the appraisement before- 
hand of risks, it is so obviously impossible in many kinds of contracts 
to know at the beginning the quantity of work to be done or commodi- 
ties to be supplied, that some fluctuating or movable measure of 
value by which the price or purchase-money may be adjusted be- 
comes necessary. 
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(p) Schedule Rates, or the purchase of commodities by units of price, 
instead of for a fixed sum of money, is often convenient and even 
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simpit instances, necessary. Thus, to take a simple case, a cargo of coal may be 

bought at a rate per ton, buyer and seller, who know approximately 
the tonnage, being alike indifferent when they make the bargain as 
to the exact quantity which the weighing after purchase will dis- 
close. Or, a contract for the construction of a railway tunnel may be 
made at agreed rates per cubic yard for excavation of different kinds 
of material, the proportion of each kind being unknown when the 
contract is made, leaving for measurement as the work proceeds, or 

Schedule adopted after completion, the quantities achieved. A schedule is sometimes 

preferred to a fixed sum merely to save time, as a manufacturer or 
contractor will more readily estimate the cost of certain work per 
unit than the total sum, which can only be arrived at by an exact 

Schedule tenders calculation of quantity from drawings. Or, schedule rates may be 
compared. sufficient to allow Comparison between competing tenders, and the 
trouble of calculating and agreeing on the quantities may be taken 
only before the contract is entered into. But if there be many items 
Difficulties. ^^ ^^ schedule, it is often difficult without an approximate know- 
ledge of the quantities to compare such tenders. Sometimes a sche- 

Scheduies to allow dule is preferred to an absolute sum, not to save the trouble of 
for variations, calculating the quantity in advance, but because it may be difficult to 

carry out the work exactly in accordance with calculated quantities. 
Thus, a laige iron roof or bridge may be purchased at a rate per ton, 
the manufacturer obe3ring the drawings set before him, but being paid 
on the actual weight supplied ; for as it is difficult in rolling or casting 
iron to arrive exacdy at a calculated weight, a purchaser may prefer 

Limit of variance. ^^ p^y ^^^y ^^^ ^y^^^ j^^ actually receives; protecting himself perhaps 

by prescribing the limits of variance he will allow from the calculated 
Fixed sum as quantities. Sometimes a fixed sum is adopted as a basis, and an 

addition or deduction allowed within certain limits to correspond with 
Additions and the actual quantity supplied. Thus, if the agreed price for an iron 

deductions. , ^ j .i_ , , . j • t.. . ^ 

structure be ;£^i 0,000, and the calculated weight 500 tons, £1 may 
be added or deducted for every hundred-weight of excess or diminu- 
tion in weight, and the right of rejection be reserved if the differ- 
ence either way be more than so tons. But sometimes the condition 
is made to apply to one side only, a deduction being made for short 
Imaginary list of weight, but no addition allowed for excess. There are other cases 

in which an engineer intends to decide on the method and extent 
of works only as they proceed, and makes an imaginary schedule list 
of quantities to serve as the basis of a contract. But it is always 
desirable to approximate as nearly as possible the quantities in 
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advance, as any great alteration from the anticipated quantities may 
cause loss to one side or the other. For instance, an engineer 
who wishes to have free scope for designing as' the works proceed, 
may state as a rough guide to contractors certain quantities of ex- 
cavation, masonry, and ironwork, and ask for schedule rates to *be 
appended to each. Probably the items of which there are the 
laigest quantity will be valued at the cheapest rate. But if, as the 
works proceed, the quantities be reversed, th^n the contractor will 
lose in having to do small quantities at the low rate, and gain in the 
great quantities at the higher rates, and unless — ^which is unlikely — 
the alterations balknce each other, there will be loss to one of the 
two parties to the agreement And there is also the contingency 
that the works may be so increased as to be beyond the means of 
execution of a contractor quite capable of performing the anticipated 
work. 

A schedule may be summarised in one or few items, or may be 
indefinitely extended, each method having its conveniences. As an 
example of the first plan, certain goods which are to be purchased 
may, in regard to material, be of three kinds — iron, wood, and brass, 
and three schedule rates may suffice for measuring the price, even 
though there be a variety of each kind. Where the extent of the 
contract is sufficiently known from the commencement — for instance, 
where it is fully described by drawings or specification — such a limited 
schedule may serve, because, although the cost of the various kinds 
may differ, a contractor has an opportunity of calculating an average 
rate for each of the three items. But when the schedule is to be the 
measure of price for additions or omissions, whose direction and ex- 
tent are unknown till they arise, the schedule would be likely to prove 
insufficient and inequitable, because a]l the articles comprised in the 
alteration might be of extremely high or low value, and the average 
rates therefore would not be fairly applicable. Although a minute 
division of the items may, as the schedule most likely to provide for 
every contingency,, be considered thq most effective, its very minute- 
ness may be the occasion of difficulty. Thus, if some extra com- 
modity or work be required, to which no item in the list exactly 
applies, a new measure of value will have to be agreed upon, while a 
summary schedule which classed everything of one material together 
would include it. In the case of an undertaking of a varied nature 
or which is likely to be protracted, it is sometimes sought to provide 
for items which may arise, not embraced by the schedule, by stipu- 
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unforeteen items, lating that their cost price shall be disclosed and proved by the 

ow pai or. ^.Qjj^ractor, who shall be reimbursed his actual expenditure with a 

specified addition for establishment charges and profit. This method 

Se€ ^ageso, somewhat resembles that of " Measure and Value " which will be 

presently referred to. 

°"in'i!3fedui«*'"* ^"® ^^ ^"^ ^^ needed in the division or grouping of the items 

in a schedule, so as to state each in the manner most suitable. There 
are accustomed units of measurement for different commodities, but 

Various units of knowledge of particular trades is necessary to their application. Not 

only are different articles or materials measured differently, but 
varieties of the same commodity also differ. Thus, ironwork is 
generally sold by weight, but for certain forms a lineal measure is 
employed, and occasionally — as in the case of buildings or roofs — 
superficial area. So timber is, in its earlier stages of preparation, sold 
by cubic contents, but when worked into certain forms, by lineal 
measure, and in others — such as flooring — by superficies. To the 
Customary uninitiated, the classification sometimes may appear arbitrary or un- 
Sft alto *age IS. i^^cessarily varied, but it is generally the outcome of long experience 

which has become expressed in trade custom. It is generally 
advantageous for the purchasers to adopt the measure usual in the 
trade, although cases sometimes arise where an analysis of the rates 
so stated may prove their unfairness, and some other measure of 

Traders averse to price may become expedient. Traders are generally averse to unaccus- 
new measures, jqj^^^ measures of quantity or price, and much foreign trade is lost 

by those who are unwilling to render their accounts in the manner 
mMsunmen?.' preferred by the purchaser. Sometimes one kind of article has to 

be divided, and different methods of measurement applied. For 
instance, iron columns are generally sold by weight, but if on some 
or all of them elaborately ornamental capitals be required, these 
would be more fairly valued at so much each. Or, if timber or stone 
in a building be purchased by cubic measure, some fine carving 
Proportion of would need another kind of appraisement. Indeed, where the cost 

labour to material. /. , . , • • « <> • t 

of labour bears an unusual or extreme proportion to that of material, 
sale by weight or mere quantity of material is generally inappropriate. 
Imperfect An imperfectly-drawn schedule not only renders an estiniate of 

misieadinfr. cost difficult, but ofteu hinders the proper comparison of numerous 
tenders ; and even although the total price demanded in each may 
be arrived at, an investigation as to which would prove most fiivour- 
able in the event of extras or omissions may be difficult or impossible. 
If, for example, tenders be invited of prices for a schedule of one 
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hundred items, of which no quantities are stated, it will be dangerous 
to assume that the tender which is lowest for the majority of items 
is really the cheapest ; for even though cheaper for nine-tenths of 
them, yet if the quantity required of the numerous low-priced items 
be small, and the quantity of high-priced items large, the apparently 
cheapest tender may prove to be not so. Railway companies and 
others, who purchase regularly stores of various kinds, often invite 
tenders, which are to be binding for one or more years, and a properly 
framed schedule should, for such a purpose, state approximate quanti- 
ties, or, if no nearer guide be possible, the actual quantity of each article 
which has been purchased in past years. If one dealer has a knowledge, 
not shared by his competitors, of the relative quantities, he is evidently 
£sivoured. For if, secretly informed that of certain items large 
quantities are to be purchased, high prices are -appended to them, 
while for the much more numerous items, low prices are appended, 
a high tender may be made to appear the most favourable one to 
those who adjudicate. Provision is sometimes made, in contracts 
for long periods, for adjustment to meet fluctuations in the value 
of materials. Thus, the regularly published prices of some leading 
commodity may be taken as the standard, and the contract prices, 
though not similar in amount, may, in regard to fluctuations, be 
made to follow such published prices. 

Ordinary money units are not, in some cases, small enough, and 
percentages of increase or diminution have to be employed for adjust- 
ment Thus, for example, the measure of quantity for certain com- 
modities may be so small as to require units of pence as the price ; 
and farthings as the smallest denominadon may not allow with suffi- 
cient minuteness for subdivision or fluctuation. But the price having 
first been stated as nearly as may be in money, the aggregate sum 
for which a quantity of such commodities is sold can then be further 
altered by one-hundredth parts or fractions of one hundred. Indeed, 
in certain trades the whole adjustment is so arranged, and permanent 
price-lists are adopted by all dealers, fluctuations in cost or the com- 
petitive prices of traders being entirely expressed by percentages. It 
is to this custom that the apparent anomaly is owing of prices being 
sometimes subjected to diminution of as much as 80 per cent. The 
adoption of the decimal S3rstem of coinage, which allows of infinite 
subdivision, would render this double and somewhat clumsy method 
unnecessary. Besides the trouble it involves, the plan has the dis- 
advantage of facilitating overchai^ge by retailers, who, by exhibiting 
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printed price-lists to uninitiated purchasers, may obtain far more than 
a usual or legitimate profit. 

Adjustment by percentage is in the majority of cases downward, 
but sometimes it is upwards. Thus the price of sea-freight for 
merchandise is usually subject to an addition, known as *' primage," 
of from 5 to 15 per cent. ; and this, which probably in its origin was 
an independent charge for some separate service, is now merely a 
part of the price. A peculiar system of schedule, with fixed rates, is 
adopted by certain Government departments where contracts for 
repairs or other services, whose extent cannot be ascertained in 
advance, are continually occurring. The schedule embraces such 
items of labour, material, or other commodity, as have been found 
by experience to be required; and against each item is a printed 
price or rate, each competitor being required to state at what per- 
centage above or below the printed rates he will execute the work 
or supply the commodities ; and the most advantageous offer is so 
ascertained. The quantity of work done is measured, and the bill 
drawn up at the printed rates, and the percentage added or deducted 
at the time of payment. This method is adopted partly because it 
suits peculiar systems of account-keeping ; but mainly, as already 
stated, because the ordinary money units are not, in the case of 
certain commodities, sufficiently minute. 

Where an elaborate or detailed bill of quantities is provided as the 
basis of a contract, and where the price has to be stated in one total 
amount, it is often considered that the bill, with a rate appended to 
each item, will form the best possible schedule for any additions or 
omissions which may be afterwards made in the contract To carry 
out this plan, each competitor is called upon to deposit with his 
tender the detailed bill of quantities so priced out; although generally 
the deposit is under seal, which is only opened when the need arises, 
and in the case only of the competitor whose contract is accepted. 

But there are certain engineering undertakings in which it is very 
difficult to frame a schedule which shall apply fairly to additions or 
omissions. The custom of including every charge in a rate according 
to quantity demands, in some* cases, peculiar subdivision to make it 
safely applicable. Thus a contractor may have to provide expensive 
plant, machinery, and apparatus, the extent or cost of which would 
be but slightly altered if the quantity of work were to be diminished 
or increased. Therefore, having these fixed expenses already pro- 
vided for, extra work could be performed at less rates than those in 
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the primary contract, while deductions in price for omissions should 
also be made at a less rate, because the contractor would only save 
the material and labour deducted, and not a like proportion of his 
apparatus and fixed charges. To meet cases of this sort three 
schedule rates may have to be agreed upon for one item. An 
example of this kind would be afforded by the case of a harbour or 
jetty, in which timber piles may be scheduled at a price per cubic 
foot. In this item the contractor must include a proportion of the 
numerous fixed charges which have to be incurred, but of which only 
some pertain immediately to the piles. Thus, the cost of boats, 
staging, and appliances, as well as superintendence, risk of wreck, or 
delay from storms, have to be provided for ; and accordingly a price 
per cubic foot is stated which may for timber seem very high. Now if, 
after having provided for staging and machinery, the engineer dimin- 
ishes the number of piles or reduces them in size, a deduction at the 
primary schedule rate would deprive the contractor of more than he 
would save by the deduction ; while^ on the other hand, if the 
quantity of timber were much increased, the schedule rate would 
give him too much. And even if a separate schedule rate per lineal 
foot of driving the piles be provided, the same discrepancy occurs in 
alterations of the length driven, as not only the staging and machinery 
have in any case to be provided, but the piles prepared, conveyed, 
and pitched in place, whatever be the depth to be driven. Expe- 
rience in particular kinds of works, and a mutual consideration 
between engineer and contractor, will alone allow an equitable adjust- 
ment in such cases. 

Schedule rates are of great service in diminishing the uncertainty 
of charges, even when they cannot exactly regulate them. Thus, 
although it is often difficult to estimate beforehand the expense of 
repairs, at least many of the rates may be agreed upon in advance. 
For instance, if a steamer is to be repaired or refitted in a dock, the 
rent of the dock per day, the wages per day of the different artificers, 
and perhaps also the prices of material, may be arranged, thus afford- 
ing the employer considerable check on the charges. But schedules 
of prices, unless made subject to addition or alteration, seldom prove 
sufficient for repairs ; for the discovery of unforeseen defects, which 
may also have to be repaired as the works proceed, the consequent 
delay, and other circumstances would often operate unfairly against 
one or other side. 
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(c) The measuring of price by Units of Contents is necessary in the 
commerce of certain commodities, liable to variation in their compo- 
sition or richness, which can only be conveniently ascertained after 
purchase. It is chiefly raw materials or chemicals that demand this 
kind of appraisement \ alkalis and mineral phosphates being among 
the most important of the latter. As an example of the former, the 
value of ore obviously depends upon its richness ; and as the produce 
even of the same mine continually varies, or is combined with a vary- 
ing amount of other ingredients, an analysis of each lot purchased can 
alone determine its value. Of course there are simple cases where 
long experience has proved that an average quality may be depended 
on, and where this happens with ores of low value, an occasional 
analysis may be considered sufficient, especially if the ore is to be 
used in the vicinity of the mines, so that the results will soon be known. 
But if the ore be variable, or contain ingredients differing in worth 
and liable to vary in their proportionate quantity, careful analysis 
can alone determine their value for any particular purpose ; and as it 
would be inconvenient and expensive for a seller and buyer to 
examine and analyse with sufficient minuteness before bargaining, it 
is usual to buy while the exact quality is at yet unknown, and to agree 
on a price to be paid for each unit of one or more ingredients, the 
amount of which the analysis will disclose. 

In the sale of chemicals, payment is usually made for the aggregate 
of units at an agreed rate per unit Thus a sale of mineral phosphate 
may be made at 1 2d. per unit per ton, and if analysis shows 65 per 
cent the price will be 65s. per ton, and if 60 per cent. 60s. per ton. But 
in the case of ores it is usual to make the contract at a certain rate 
per ton, and then to add or deduct according as the analysis shows 
more or less than the standard of quality that may have been agreed 
upon. For instance, a contract may be made for iron ore at the price 
of 10s. per ton, on the assumption that it will yield 60 per cent of 
metal, and it may be stipulated that for every unit above and below 
60, 3d. per ton shall be added to or deducted from the price. The 
two parties to the transaction are generally willing to make a bargain 
of this kind, because they are aware beforehand, within moderate 
limits, of what the quality will actually be, for the unit price may 
not be appropriate beyond moderate limits. For instance, if the 
metallic yield of the ore be less than 50 per cent, the purchaser may 
have the option of refusing it, for the expenses of fuel, manipulation, 
and carriage may render such ore almost valueless* Or, instead 
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of having the right of absolute rejection, it may be stipulated that 
the rate per unit to be deducted shall increase as the quality be- 
comes poorer. On the other hand, a very rich ore may be worth 
more than is represented by the ordinary unit price, so it may be 
agreed upon that for every unit of contents above 65 per cent 5d. 
shall be the rate of increase in the price per ton instead of 3d 

A contract of this kind, based on what may be called simple units, 
does not, however, suffice for ores not depending for their value 
merely on their gross metallic yield, and adjustment of price by com- 
pound units becomes necessary. Thus, for steel-making, a particular 
ore may be purchased because of the manganese it is supposed to 
contain, in addition to the iron which is primarily necessary. As an 
example, such ore may be purchased at a nominal price of 1 2s. per 
ton, on the basis of 30 per cent, iron, and 1 5 per cent, manganese, 
subject to an addition or deduction of 3d. per unit for more or less 
in)n, and 9d. per unit for more or less manganese, the purchaser 
having the right of rejection if either of the ingredients or the total 
metallic yield fail to reach certain specified percentages. There may 
be also the stipulation just referred to, that the unit price may be 
increased when a certain richness is exceeded. 

In contracts for large quantities of ore, on such terms as those 
just described, the correctness of the analysis is of the highest im- 
portance, both to the seller and buyer, and the correctness of the 
sampling is of no less importance, and is a matter of real difficulty 
when the substance is not homogeneous. To take from a cargo of 
five hundred tons a sample of 5 lbs., requires not only honesty and 
care, but skill, only acquired by long practice. Representatives 
of both seller and buyer are generally present to assist at the sam- 
pling, which is effected either at the mine, at some place of transfer 
or shipment, or at the place of delivery. It is usual to agree upon a 
sample as correct before proceeding to the a3say, as complicated dis- 
putes would otherwise arise. A sample is generally divided into three 
parts, one each for the seller and buyer, who each employ an analyst, 
and the third, in case of dispute, for the analyst who is appointed as 
umpire. Sometimes, however, the result of one impartial examina- 
tion is agreed upon as the basis of an invoice. 

Disputes sometimes arise in contracts of this sort from an alteration 
in the ore after the sample has been taken. When exposed to change 
in weather or climate, or to the vicissitudes of a sea voyage, ore — 
especially if it be in a loose powder state — will absorb moisture. A 
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Aitention after shipowner OF Carrier, whose freight is paid on gross weight, is not 

always disposed to protect his cargo from moisture Disputes some- 
times arise in regard to the added or deducted units, upon which the 
possible profit to seller or buyer may entirely depend. To be quite 
Unit tartff should gafe a purchaser should assume as likely to occur the worst result 

always acrve. i r j ^ 

from the analysis which the terms of the bargain allow, for, pre- 
sumably, the unit tarifif has been arranged so as to meet fairly any 
results which the analysis may disclose. 

The application of scientific methods to commercial valuation has 
enhanced greatly the necessity for qualified analytical chemists, whose 
services are likely to be in increased request both for this purpose and 
for the processes of manufacture. 
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(i) Payment by Results accomplished may be agreed upon, either 
on the basis of a sum of money, or by schedule rates ; but such an 
agreement generally differs from ordinary contracts for the supply of 
commodities or the performance of works, in that the method is left 
entirely to the contractor, who, moreover, may not be entitled to any 
remuneration whatever if he fail in attaining the specified result 
Thus, the pumping-out of a dock or lake, the recovery of sunken 
treasure, the raising of a sunken ship, the finding of minerals in a 
doubtful mine, the deepening of an estuary, the removal of a river 
bar, or the navigating some small or peculiar vessel across the sea, 
are speculative works which may be undertaken under this form of 
contract This method of payment is sometimes adopted by public 
bodies and others, who have not the right or inclination to spend the 
funds entrusted to them on undertakings whose success is doubtful ; 
and as it may be difficult or impossible to make a separate contract 
of insurance to cover the risk, they accept the offer of some speculative 
contractor >vho takes the risk of failure, but who demands in conse- 
quence, remuneration in the event of success which will leave a more 
than ordinary rate of profit. To the spirit and enterprise of such 
contractors, the carrying out of many important works which would 
not otherwise have been attempted is due. 
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{e) Measure and Value become necessary for arriving at a price 
where no contract has been made ; and even in undertakings for 
which schedule rates have been agreed, goods, or works, or services, 
not contemplated or provided for in the schedule, demand this kind 
of appraisement 
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A buyer may by his own knowledge, or by a trust in the fairness of 
the seller, be so satisfied in regard to the charges as to pay them 
without demur ; or a price may be arrived at by haggling ; or, failing 
agreement, the evidence of experts who measure and value the com- 
modities may become necessary. The buyer sometimes seeks to 
check the charges of the contractor by keeping an account of the 
workmen's time and measuring the materials as they arrive. A seller 
is only entitled to a reasonable price, and in case of dispute must 
prove that his charges are fair. On the other hand, a buyer who has 
taken delivery of goods without previous agreement as to the price, 
cannot return them when he learns the price, but can only require 
that they be impartially valued. Arbitration is generally appealed 
to in disputes concerning value ; and in England, even when a legal 
tribunal is preferred by the litigants, judges are disposed to encourage, 
and sometimes almost to enforce, the reference to an arbitrator 
rather than to a jury. The provisions made in engineering contracts 
hr arbitration are often directed specially to disputes in price, and, 
if fairly arranged, afford a convenient mode of settlement But it is 
essential that the appointment of the arbitrator and the conditions 
of hearing shall command the confidence of both sides. 
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CHAPTER XV. 

CONTRACT AND PURCHASE (CONTINUED), 
PURCHASE FOR EXPORT. 

In the conduct of the en- 
gineering trades there are 
iavolved technical considera- 
tions unusual in ordinary 
mercantile affairs; and diffi- 
culties arising from this 
cause are increased in the 
case of foreign transactions. 
Where the demand from 
abroad is connected with 
large public works, as, for 
instance, where railway ma- 
terial or equipment is re- 
quired, it frequently hap- 
pens, especially in connec- 
tion with large and long- 
established undertakings, that tor obtaining what is required a 
complete organisation exists. If England be the country of manu- 
facture, there are engineers ready to design or specify ; Government 
or other officials to buy, inspect, and forward ; bankers to provide 
funds ; and, indeed, every means by which economy and fitness may 
be ensured. But in new and smaller undertakings, and for the mul- 
titude of private enterprises in foreign countries, such a complete 
organisation is obviously impossible, and it is to cases of this sort 
that the following remarks are directed. 

There is an increasing tendency in all trades towards subdivision, 
and factories are confined to the production of a few specialties 
where formerly miscellaneous work was undertaken. Special tools 
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and processes are continually being introduced, and almost invari- 
ably the manufacturer who by these means does his work best, does 
it cheapest also.* It is very difficult for a purchaser in a distant 
country, even if he be an engineer, to keep himself acquainted with 
the changes and improvements that are constantly occuning in the 
country of manufacture ; and if not an engineer, it is almost im- 
possible. To these difficulties must be added* the fluctuations in 
prices, which are peculiarly inconvenient when intercommunication 
occupies much time. 

I'he prices of all manufactured commodities are, of course, greatly 
dependent on the current prices of material, notably — ^in the engi- 
neering trades — of iron and coal. In the twenty years ending 1880 
prices have at times been double those at another. The normal 
prices of manufactures are determined by the cost of production and 
the amount of profit which will tempt manufacturers or sellers to 
carry on the trades in question ; but the current prices and fluctua- 
tions depend, not upon the cost, but upon the demand ; for if this 
be greater than the supply, sellers have the advantage until time 
enough elapses to allow new factories to be built or the supply to be 
incteased. On the other hand, if the demand be slack, the com- 
petition of manufacturers who wish to keep their factories employed, 
or of dealers who must sell their stock, will bring down prices to or 
below cost. 

The prices of plain or of heavy goods, in which the value of the 
material is large in proportion to the labour expended on it, obey 
immediately (when trade is in a normal condition), by rising or fall- 
ing, every alteration in the price of material. But where only a small 
proportion of the total cost is for material, slight fluctuations in the 
value of the latter have little or no effect Thus, the prices of rail- 
way chairs or heavy iron pipes will vary from day to day with the 
rates current for pig-iron ; the prices of bar-iron will follow rather 
more slowly, because other outlay — such as that for puddling — comes 
between ; while the selling-price of a steam-engine may remain the 
same though pig-iron rise or fall ten shillings per ton. But if any 
great alteration occur in the cost of material, or if even a moderate 
alteration be long maintained, the prices of the finished commodity 
will alter also, not merely because the material has an enhanced 
value, but because a considerable or long-maintained rise usually 
signifies a general briskness of trade. Such fluctuations in the cost 
of material are of special consequence in international transactions, 
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because much time may elapse before a bargain can be concluded. 
Offers kept opeiu A manufacturer of railway chairs could not, without risk of loss, keep 

an offer open for acceptance for longer time than a week, unless the 
tendency of prices was obviously downwards, or unless he added to the 
price something by way of insurance, thus, in effect, making the offer 
a speculative one. A manufacturer of bars or plates, to whom the 
price of pig-iron is not of such immediate consequence, could venture 
further than the maker of chairs, and would probably, in a similar 
condition of the market, hold the offer open for a fortnight ; a maker 
of bridges perhaps for a month ; while a locomotive-builder would 
seldom hesitate to leave an offer of price open for acceptance for 
three months, though, in all these cases, there would be a risk that 
during the interval the factory might become fully occupied with 
other work. If it is desired to avoid these disadvantages of distance 
by the use of the telegraph — and the telegraph is becoming every 
day more used in the transaction of foreign business — care must be 
taken to avoid ambiguity. Where the transaction is one frequently 
occurring between regular correspondents, the conditions and details 
may generally be arranged in advance by letter, leaving only the bare 
statement of price to follow by telegraph. It is unnecessary to 
describe here the elaborate and ingenious codes by which telegraphic 
communications are facilitated and cheapened. But where no pre- 
paration has been made in advance, then the telegraph should, if 
possible, be only used in one direction, full details being given by 
letter in the other. The circumstances of each case must determine 
whether the inquiry or the reply should be by telegraph. 

In choosing engineering material or apparatus of any kind, and for 
any situation, there are always circumstances to be considered other 
than the direct or immediate purpose for which they are required ; 
and when the articles chosen are for export to a foreign country, 
these second or subsidiary incidents become more numerous. The 
weight which any or all of them may have depends, of course, on the 
circumstances of each particular case. It may, howtver, be con- 
venient to summarise them here as follows : — 
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1. The Cost and Risk of Sea Carriage. 

2. The Import Duties which may be Imposed. 

3. The Difficulties and Cost of Transport Inland. 

4. The Difficulties and Expense of Erection, Setting to Work, or 

Treatment at the Destination. 
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5. The Exigencies of Locality, Climate, or Space. 

6. Methods of Payment. 

7. The Rate of Exchange of Money. 



See Pag* 4M. 
Sm page 4a. 
Seepage 45, 



(i) The Cost and Risk of Sea Carriage, — The prosperity of a 
manufacturing country depends as much upon the facilities for ship- 
ment as upon the facilities for manufacture. The vast number of 
vessels engaged in the general carrying trade to and from English 
ports, afford opportunities for shipment to all parts of the world 
which no other country possesses. The rivalry of continental manu- 
facturers with those of the same trade in England is largely neu- 
tralised by the expenses and inconveniences which attend the carriage 
and transhipment of goods from the continent. The price at the place 
of destination is that which really interests the purchaser, and the 
cost merely at the place of manufacture will, if taken alone, mislead, 
as it is only one of many incidents which must be considered 
together. The price of freight is determined by a variety of circum- 
stances, some of which, at first sight, appear to have little relation to 
the matter. The primary conditions are the size, shape, and weight 
of the pieces to be carried, and the length of the voyage ; and where 
the export of the goods in question fonus a regular staple trade of 
importance, the cost of freight is mainly determined by these con- 
ditions, although the actual price of freight — ^like that of any other 
commodity — is liable to extreme variations if die demand suddenly 
grow or diminish. But it is seldom that material connected with the 
engineering trades is alone sufficient for complete cargoes, and the 
shipment of such material either only forms in each case part of a 
cargo, or, as in the case of laFge quantities of rails or other railway 
equipment, is effected by chartering a vessel specially for the voyage. 
Engineering material is generally heavy in proportion to its bulk; and 
where this is the case, shipowners, while they would be averse to 
taking a shipload of it, are glad to have it with other cargo, because 
of its utility as ballast. Variety in the >&/W of merchandise conveyed, 
tends much to cheapen the cost of sea carriage, for both light and 
heavy goods are needed for the advantageous stowage of a ship. It 
is because woven fabrics and other light merchandise are exported 
so abundantly from England, that the products of the engineering 
trades are conveyed so cheaply. The freight for heavy goods is 
charged by the ton of 20 cwt, and for light or bulky goods by the 
measurement ton of 40 cubic feet, the shipowner having the option 
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of choosing the method which gives him the highest freight Some- 
times, however, special contracts are made by which weight only is 
reckoned, this course, for instance, being expedient sometimes in the 
case of bridgework or pipes, where some of the pieces, if strictly 
measured, might be charged at rates unduly high. For very heavy 
or bulky pieces, such as locomotives, boilers, or thrashing-machines, 
ordinary rates do not apply, and a special bargain is made. The 
current rate of freight depends also on the likelihood of a profit- 
able return voyage. As in an inland trade reciprocity cheapens 
transport, so in a foreign trade, low rates of freight outward are 
only possible where imports are encouraged; an unrestricted in- 
tercourse between nations, and the consequent employment of 
ships, being among the benefits which a wise policy of free-trade 
affords. Thus, if there is a heavy crop of tea in China, or of cotton 
in India, so many vessels may in each case start to fetch it, as to 
make outward freights cheap. The profitable return voyage, to have 
this effect, need not even be to the same country. For instance, the 
selling price at Philadelphia of Spanish iron ore (of which large 
quantities have been sent to the United Stat^) will be affected by 
the fluctuations in the price of wheat in London, because high prices 
in England encourage the export of com or flour from America, 
which, as it causes an increased demand for vessels, enables the 
shippers to charge higher freights to England, and the prospect of 
such com cargoes, inducing an increased number of Europei^n 
vessels to cross the Atlantic to fetch them, has the effect of reducing 
freights westward. On the other hand, freights sometimes suddenly 
rise because of a demand in another diN<^tion. Thus, to take a 
similar example, if much com await shipment in Odessa, vessels will 
be attracted thither instead of westward, and freights to America 
will rise. 

In making contracts for machinery or engineering material, the 
proximity of the &ctory to the port of shipment musi be considered. 
The cost of carriage to the port often amounts to as much as, or more 
than, the freight by sea to a distant country ; and this circumstance, 
of course, is of increased importance for those commodities in which 
the expense of carnage bears a considerable proportion to their total 
cost. Where the goods are in laige quantities, as is often the case 
with coals or railway material, a vessel may be sent to the nearest 
port to fetch the cargo, instead of the cargo being sent to a port 
which suits the vessel. For instance, in England, steam coals and 
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railway iron are shipped from Newport and Cardiff; coals, pig-iron, 
and pipes from the Tyne, the Tees, and the Clyde ; while the largest 
proportion of machinery and general engineering material is shipped 
at London, Liverpool, and Hull. At whatever port cargoes are 
lying, vessels may, as just mentioned, be chartered to go there and 
take them. But even where the goods offered are not sufficient to 
fill a vessel, they may be enough to induce a shipowner to send his 
vessel to call at a particular port to fetch them, to complete a cargo 
commenced or finished elsewhere. But although vessels to any 
foreign country may sail indifferently from any British port, it has 
become the custom, either because of the exigencies of the home- 
ward trade> or because certain harbours are suitable for the vessels in 
question, or for other economical reasons, that particular trades or 
destinations are associated with particular ports of departure, and 
the larger proportion of machinery shipped from Great Britain has to 
go with other and miscellaneous cargo from these customary ports. 

The strength of the goods to endure the risks of transit ; the order 
or sequence in which shipments shall be made ; the best methods of 
packing ; care in loading; the security of stowage on deck or in the 
hold, are all matters ii^hich demand attention, especially in the case 
of heavy, bulky, or fragile cargo, such as boilers, locomotives, or roof- 
work. 

When cargo is shipped, bills-of-lading are signed, by which the 
owner or agent of the vessel undertakes to deliver the goods at their 
port of destination in good order and condition, unless certain acci- 
dents or events which are specified in the bill-of-lading, relieve him 
from his liability. Shipowners frequently seek to reduce their re- 
sponsibility as carriers by introducing into the bill-of-lading special 
clauses, favourable to themselves; and while it is doubtful how far such 
exceptional stipulations can be legally enforced, it is advisable for 
the shipper to protect himself either by insisting on proper terms 
or by insurance against the loss of or damage to his goods, that may 
occur upon the voyage. For instance, the total cost at a foreign port 
of arrival of a cargo of fragile iron pipes will not be comprised in 
the original purchase-money, with the expenses of freight and 
insurance added, unless the liability for breakage be also allotted. 
The percentage of premium paid for marine insurance is determined 
by various conditions, such as the direction and probable duration of 
the voyage, the age and character of the vessel, the nature of the 
cargo, and in some cases by the season of the year in which the voy- 
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age takes place. Insurance can be effected to include, besides the 
risk of total loss, that of partial damage (if amounting to 3 per cent.), 
when it arises from perils of the sea ; and on ordinary merchandise, it 
is generally advantageous to insure in this way, technically called 
" insuring with average." It is usual however to exclude this part of 
the risk when insuring iron or rough cargoes, policies being then 
effected "free of particular average" (f. p. a.), the underwriters being 
then freed from liability for partial damage, unless '' the vessel be 
stranded, sunk, or burnt,*' in either of which cases the underwriter 
has to pay for the damage or expense, whether it arise in consequence 
of this special casualty or not It need hardly be said that, other 
circumstances being equal, the premium is larger in the case first 
mentioned than in the second. In voyages to the East Indies, 
China, or the Australian colonies, premiums hardly vary at all on 
account of the season of the year, but on shipments to the Baltic 
or Black Sea, to North American ports or to the West Indies, the 
rates of premium are very much higher on vessels sailing in the 
winter. 
Advantair«ou8 to Where the expense of freight and insurance is considerable in pro- 
portion to the cost of the goods at the place of manufacture, it is 
obviously unprofitable to obtain a small saving in the original price 
by accepting goods of an inferior quality. Thus, if ten per cent, be 
saved in the cost of the goods with a presumable equal reduction in 
quality, it may be found, when the freight and charges have been 
paid, that the saving when calculated on the total outlay is only five 
per cent., while the reduction in quality still remains ten per cent 
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Import dutiea. (2) Import duHes are imposed on machinery and engineering ma- 
terial in almost all countries, either for the purpose of revenue, or for 
Protective dutiea. protecting home manufactures, or for both these purposes. The 

fallacious reasoning and the false economy by which protective im- 
posts are excused, have long been understood and repudiated in 
England; but such taxes are still maintained in many foreign 
countries, chiefly through the influence of the few who benefit by 
them, the majority of the people not understanding how the taxes 
which are apparently paid by foreigners are borne (with the addition 
of many expenses) really by the country which imports. The fact 
that the evil effects of such protective dues on the importing country 
are, directly and indirectly, largely in excess of the apparent gain, is 
gradually being understood by the more intelligent in such countries, 
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and there is a tendency in some towards the removal of these im- 
posts. The burdens inflicted on the community for the supposed 
advantage of particular trades, are so great, as to hamper them greatly 
in competition with free countries where there is a general liberty of 
purchase. The existing state of things, however, has often to be con- 
sidered in the export of engineering material Sometimes the dues 
are levied ad valorem ; in other cases they are calculated at a fixed 
rate by measure of weight or quantity, according to the nature of the 
material; and the merchant or importer has to be guided not by 
what is best suited to the purpose in view, but by the necessity of 
entering under a low tarifll Thus, it is possible sometimes, to obtain 
an advantage by substituting one kind of material for another, as, for 
instance, cast for wrought iron. Where customs dues are imposed 
without discrimination according to the kind of material of which the 
goods are made, and not graduated advalorem according to the different 
qualities, it is to the interest of the purchaser to import material of a 
high quality. As an example, if the price of good tool-steel be pd. per 
lb., and an inferior quality be only 4d. per lb., and if the duty on 
both be 4d. per lb., it is obviously economical to purchase the best 
In other cases, the goods imported may, by the omission of certain 
workmanship, be brought within the lower tariffs which prevail for raw 
material. For instance, in an iron bridge, the bars or plates may be 
sent without any holes punched or drilled in them, and so in some 
countries be admitted at a much lower tariff than would be imposed 
on the finished article. It is true that the addition of such holes, 
and the after fitting together of the structure, may only be effected in 
the importing country at a cost four times as great as the cost would 
have been in the manufacturing country, and the work be done in a 
less effective manner; but though this extra cost may be £^^ per ton, 
against this perhaps ;^io per ton may be saved in duty; and the real 
loss which this peculiar economy involves, falls actually on the im- 
porting country, and is only one of the manifold ills which such so- 
called protective duties inflict. Where there are imposts of this sort, 
the engineer or manufacturer should be furnished with the tariffs, and 
with a full explanation concerning those rates which bear on the case 
in question, so that they may help to determine the choice of com- 
modity to be exported 
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port of arrival to its destination, and difficulties of tiiis sort should be 

taken into consideration when the machinery is designed. The 

Choice of eviii. question often resolves itself into a choice of evils. It must be es- 

Larse pieces with timatcd whether it will be cheaper to carry at great cost, the large 

or heavy pieces which are best for the ultimate purpose, or to make 
the pieces lighter by the use of high quality material (such as steel), or 
by subdivision, to make them lighter because more numerous. This 
latter course may render necessary the export of machines which 
have not been completely finished and proved, and the expense of 
bolting together or riveting at the site, which would be avoided by 
sending larger pieces. 
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(4) 7%tf Difficulties and Expenses 0/ Erection, setting to worky or treat- 
ment at the Site. In choosing machinery or engineering material, the 
final cost when complete on the site, and fitness for the purpose in 
view, are the two principal questions which have to be considered, 
and there need be no hesitation to select for use in the country of 
manufacture what best satisfies these conditions. But in foreign 
countries, the intending purchaser has to consider how far he will be 
able to utilize his material when he has imported it, and whether he 
has qualified engineers or workmen to erect, set to work, or otherwise 
complete it The articles in question may be so simple as to need 
no special skill, or may be already in such common use as to have 
afforded experience, and to have created a class of workmen who 
sufficiently understand them. The engineer or manufacturer, if pro- 
perly informed by the purchaser of the circumstances of the case, can 
often, by slight modifications, facilitate the work which will have to 
be done abroad, or can advise the substitution of some things simpler 
than would be used in the country of manufacture. In machinery 
and apparatus of all kinds, improvements are continually being 
devised w*bich allow economy in maintenance, or in cost of work- 
ing ; and while many such improvements are in the direction 
of simplicity, others, not unfrequently, are of a delicate or com- 
plicated nature, demanding skilled supervision. It is then of course, 
a question for the purchaser and for the engineer who advises 
him, how far it will be prudent to establish such novelties in a 
foreign country; and whether a ruder or simpler kind will not be 
better adapted to the circumstances of the case. On the other 
hand, purchasers, especially when they are not engineers, are apt 
to over-estimate the difficulties of dealing with machinery or engi- 
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neering material in a foreign country. This tendency leads them 
to attach too high a value to those articles which, being complete or 
self-contained when they arrive, need little or no skill for erection or 
setting to work. It is owing to this, that portable engines are used in 
many cases where a fixed engine would be better and more durable ; 
that bridges which can easily be bolted together are chosen in pre- 
ference to those that may with more advantage and safety be riveted; 
or that wrought-iron tanks (occupying much space for freight) which 
are ready for use when they arrive, are preferred to the stronger and 
more permanent tank composed of cast-iron plates that are more 
easily carried, but which have to be bolted together and caulked at 
the site. 

The question of maintenance or economy in working has also to 
be considered. Thus, a structure or the framework of a machine 
may be better made of iron than wood, but because skilled workers 
in iron, who can do repairs, are difficult to obtain, the question 
arises whether wood may not, under the circumstances, be preferable 
to iron. Again, there may be used in English workshops a special 
and expensive machine, adapted for one particular kind of service, 
which it performs quickly and cheaply. But in a foreign factory, the 
amount of this particular work may be insufficient to afford constant 
employment to the special machine, and it may be more economical 
to import a tool which can be used for various purposes, even 
though, for the particular duty in question, it may be less effective. 
Or a steam-engine may be required in a country where fuel is very 
expensive, and where, by the use of a certain kind of boiler, 
economy of fuel may be obtained. Such a boiler, however, may 
need more frequent repairs and be less durable than one of a 
simpler form, which consumes more fuel. It is obvious that very 
careful consideration of the different circumstances is needed in such 
cases. To meet exigencies of this kind in a foreign country, dupli- 
cate machines or duplicate parts may be purchased ; and it may be 
expedient to incur expense which may be regarded as a premium of 
insurance against loss, a premium which would be altogether extra- 
vagant and uncalled for in England. The number of such duplicates, 
their cost, and the interest on capital which the keeping them in 
reserve involves, must be weighed against the length of time and 
consequent delay which would be required to import a fresh supply. 

The stoppage of machinery, or the failure of material in the im- 
porting country, is a more serious matter than it would be in the 
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manufacturing country, where repairs or renewals can be easily 
effected ; and this often applies to the smallest detail. For this 
reason, it is bad policy to import inferior articles, even though they 
be as good as would be used for the purpose at places within easy 
reach of repairs or replacement Thus, in the case of wood-working 
machinery or the engine of a sugar-mill, the consequences of an acci- 
dent might in the manufacturing country be so easily repaired as to 
render undesirable any expenditure of capital to provide duplicate 
parts. But in the importing country, such extra expenditure might 
be more than justified, as a safeguard against what would in effect 
be a serious disaster. This, added to the reasons already adduced 
against the false economy of exporting second-rate goods for en- 
gineering purposes, shows that the example of what obtains in a 
manufacturing country is not necessarily to be followed abroad. 
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(5) The Exigencies of Climate^ Locality y or Space, — In the estab- 
lishment of a factory, the erection of machinery, and, indeed, in 
almost every kind of engineering work, there are certain local cir- 
cumstances which must be studied and satisfied if economy and 
fitness are to be obtained. If buildings are required, not only 
their purpose and a plan of the site, but also the levels, the nature of 
the soil for foundations, and the climate with its effects on material, 
are all incidents that affect the choice of design or the mode of 
arrangement; and where engineering material or structures have to be 
designed or manufactured in one country, in order to be erected or 
completed in another, it is obvious that full information should be 
transmitted to all concerned in the design or preliminary stages of 
the work. With such information as a guide, the necessity or expe- 
diency of altering the usual methods may be apparent, while, if such 
information be withheld, and only a bare enumeration of wants be 
supplied, .the risks of unfitness or extravagance are very great 

(6) Unless there be sbme stipulation to the contrary. Payments for 
works, goods, or services, become due when the obligations are ful- 
filled. Deferred payments, and the speculative combinations of con- 
tractor and capitalist which often arise out of engineering projects 
and public works, have been already considered, and it is not 
necessary to allude here to the ordinary methods of payment usual 
among merchants. But in the carrying out of works abroad, or the 
manufacture of engineering material for export to a foreign country^ 
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special circumstances have often to be considered. In some 
countries, payment of a portion of the purchase-money in advance 
is usual, and, as '* hand-money,** is, by custom or law, essential to the 
closing of a bargain. In countries like England, where rules of 
credit properly guarded and limited are established, payments in ad- 
vance are seldom required, except from foreigners or others who are 
not domiciled. Although, where the purchaser has confidence in 
the seller, this plan is simple, the alternative can be adopted of 
depositing the money with some banker or agent, who need only 
pay in the ordinary way as the contract becomes completed. 

The nature or extent of an undertaking often renders part payments 
necessary as the work proceeds, and should be provided for in th^ 
conditions of contract. For instance, in the carrying out of a con- 
tract for a railway or other large undertaking, payments during con- 
struction have to be made \ or in the manufacture of a large bridge 
of many spans, as each is delivered to the ship, site, or other place 
agreed upon, a proportionate sum on account has generally to be 
paid. If the works contracted for allow of very exact subdivision, 
each portion being complete and independent of the other, the pay- 
ments during the progress may be the full equivalent of what has 
been performed. Thus, if 12 steam-engines, or 12 bridges, or 12 
miles of railway are contracted for, a purchaser may be willing to 
pay a twelfth part as each is complete and in his possession. But in 
the case of a bridge of numerous spans, or of some railways, or of a 
dock, the different parts may be so dependent on each other, as to 
render inexpedient, payments on account to the full extent of the 
part apparently completed. It is usual, therefore, after calculating 
the money value of the completed work and the proportion it bears 
to the whole contract, to withhold some of it — a specified percentage, 
e,g,^ five or ten per cent., as may be agreed — till the contract is abso- 
lutely completed. The percentage to be retained is determined by 
various considerations, the nature of the work and the lessened or 
suspended value of the earlier parts if the remainder were not com- 
pleted or were much delayed, being the principal. 

Payments thus withheld are, in effect, caution-money (which will 
be forfeited if the contract be unfulfilled), the accumulation of which 
is, in large contracts, limited to a prescribed total ; and when the 
percentages withheld reach this maximum, the after payments are 
made in full. 

Where a contract is made in one country for the carrying out of 
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works in another, whither material and . equipment have to be ex- 
ported, it is often stipulated, where the undertaking is a lai^ge 
one, or likely to be protracted, that a portion of the purchase-money 
shall be paid on each shipment, although, till they have arrived and 
been applied at the site to the purpose in view, the material so paid 
for may be of no value to the purchaser. The arrangement before- 
hand of the proportions payable is a matter of great importance to 
the contractor; and, to avoid disputes, elaborate schedules are often 
appended to an agreement, declaring what proportions shall be pay- 
able at the various stages of shipment, delivery, completion and at the 
end of a term of maintenance. And the same arrangement is often 
made in the case of works undertaken by local contractors in colonies 
or countries where the material has to be imported ; and while the 
obligation and responsibility of obtaining the material remains with 
the contractor, the employer provides money in the manufacturing 
country to make the necessary part payments, taking care, by suit- 
able agents, to ensure that the material so paid for is of the agreed 
kind and quality. Where part payments are made on shipment, the 
payer usually requires possession of the goods; and though they 
may have to be temporarily re-entrusted to the contractor at the 
port of arrival and until completion, the legal possession remains 
with the purchaser. 

There are certain kinds of contracts where part deliveiy to the 
purchaser is almost impossible, and payments during progress can- 
not be met by giving possession of an equivalent part A steamship 
or a large pumping-engine, where the total outlay may be greater 
than the builder can afford without part repayment, are examples. 
There are certain stages in the progress of such works which indicate 
broadly the proportion accomplished, and it is usual to pay a portion 
of the purchase-money at such periods. For instance, in the case of 
a steamship, it might be agreed to pay one-fourth when the hull- 
frames are set up, the cylinders cast, and the boiler-plates punched ; 
one-fourth when the ship is plated, the cylinders bored, and the 
boilers finished ; one-fourth when the vessel is launched and the 
engines completed and ready for placing on board ; and the final 
fourth part of the payment when the steamship has had a successful 
trial trip. In contracts of this sort, purchasers are naturally anxious 
to have a lien on the property for which they have partly paid, but 
of which they cannot yet get possession; for in case the factory 
changed hands, or a mortgagee took possession, or the shipbuilder 
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became bankrupt, disputes might arise regarding the ownership of the 
property. If the purchaser happens to be the owner of the building Ownership of site 
or soil on which the ship is being built, his right to the works in pro- security, 
gress would be clear; and as such ownership of the premises is 
sometimes considered the simplest or only effective security, a legal 
conveyance is effected and retained till the ship is delivered to the 
purchaser. The same result is sometimes sought by the mere Deposit of deeds, 
deposit of title-deeds or lease, with a declaration as to the property. 
But all such methods are inconvenient, and the seller may be un- 
willing, or even unable, to agree to them. It is often, therefore, con- 
sidered sufficient to affix some notice or placard to the structure in 
question, so as to declare plainly the ownership. And the minor 
parts may be similarly identified by casting, branding, or marking 
^ach with the name or sign of the purchaser. Such marking, if ac- 
companied by b<m& fide evidence of purchase, and part payment, is 
considered sufficient to protect the property, at any rate to the extent 
of such payments, against the adverse claims above referred to. 
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(7) In th6 export of engineering material, as of all other commodities, 
the Rate of foreign exchange does much to determine money values and 
prices; but to the engineering trades, the question is important in 
other ways than those in which it affects the ordinary merchant. 
Engineers, condractors, and the traders allied with them are, perhaps, 
more than any other classes, interested in foreign undertakings ; and 
the payments for Public works, the guaranteed interest on invest- 
ments, the tariffs for Railway, Water, or Gas service, and salaries to 
engineers, are frequently made in the currency of the country con- 
cerned. Moreover, as engagements for matters of these kinds are 
often made for much longer periods than contracts for the purchase 
of merchandise, the risk and the effect of extreme fluctuations are 
proportionately extended. 

Only a brief reference to so wide and important a subject as foreign 
exchanges is, however, necessary or possible here. The rate of ex- 
change between any two countries is primarily determined by their 
relative indebtedness, so that persons who want to remit money to a 
foreign cotmtry, and who have to buy in the shape of a bill-of-ex- 
change money belonging to, or a debt owing by, some one in that 
country, will have to pay a price which varies according as the de- 
mand for such bills is greater or less than the supply. But in the 
case of countries having a similar system of currency — as, for 
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instance, England and most of her colonies, or England and Ger- 
many, which alike have a gold standard — and where a par bullion 
value is established, a premium in either direction has only a mode- 
rate range, for it is limited by the cost of the alternative plan open to 
remitters of despatching bullion ; the freight, insurance, and interest 
during transit of the bullion being taken into account. But when 
there is a different monetary basis, much greater fluctuations become 
possible, as is seen in the dealings between a country having a gold 
with one having a silver standard. 

To the ordinary fluctuations just alluded to, arising from an excess 
of the flow of remittances in one or other direction, is added the 
alteration, whose range cannot be deflned, of the relative values. An 
example of this is seen in the commerce between England and India 
where a silver currency standard is ( 1 880) firmly established. Although 
the relative value of the two metals has constantly varied, the tendency 
has, in the course of years, been towards a lowering of the value of 
silver; and the rapid fall in the few years ending 1880, has caused 
not only inconvenience but loss to many concerned ; for where 
goods have to be exchanged for something which fluctuates in value, 
and which therefore can hardly be called money, the commerce takes 
the form of barter rather than sale, and upsets all antecedent calcu- 
lations. Without entering upon the much disputed question whether 
a universal gold standard would be possible, it may be safely said that 
a double standard in any country is impracticable, and even where, 
as in France or the United States, a bi-metallic currency is nominally 
established or attempted, the evils which would arise from such a 
system have to be prevented by so limiting the coinage of the inferior 
metal as to render it unavailable for large transactions. 

There is a liability to still greater fluctuations in the rate of ex- 
change where an irredeemable paper currency is established; for 
although a strictly limited issue may maintain a certain level because 
of its purchasing power in the country itself, there is no limit to the 
depreciation which may result from an extended issue. The assignats 
of the French Revolution, and, in a less degree, the greenback issue 
in the United States during the civil war, are cases in point The 
question is still further complicated between countries which, like 
Austria, have both silver and paper currency, and countries like Eng- 
land, with a fixed gold standard. A reduction in the international 
value of a silver or paper currency, as seen in the rates of exchange, 
is sometimes a great advantage to many concerned, especially iu 
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large countries where such a currency has a wide circulation. For instances. 

instance, in India or in Russia, if the value of the silver rupee or 

paper rouble fall, the peasants and others whose rent and taxes are 

fixed in the local currency pay for a time a sum no greater than 

before, while if they have produce to sell for export, they find that the 

price (which is determined by outside or international causes) gives 

them more than the usual number of rupees or roubles. But even 

this gain is generally only temporary or apparent, for international 

commerce is too extended not to bring values to their proper level in 

time, and the prices of commodities consumed rise. On the other ^*«" caused by 

hand, those whose incomes are fixed in the inferior money, but who 

have to purchase imported commodities, or who wish to remit to a 

country having a currency based upon gold, suffer to the utmost 

from the depreciation. 

If, in a foreign Gas-^orks, the agreed price or tariflf for gas is paid in J^^^ p**** *" 
the local money, while coal has to be imported at its market value, 
and paid for in gold or its equivalent, it is evident that a great loss 
results from a depreciation of the cxirrency. Or, a Railway, or Tram- Borrowed monev, 

_., j-tt J i*i_*. .1 bearing interest in 

way, or Bndge, made with borrowed money, on which interest has to steriinff. 

be paid in sterling, may have tariffs and tolls fixed by law, which 

cannot be raised as the value of the local currency falls. Engineers, 

contractors, and others concerned in public works, are often of 

necessity obliged to accept payment in local currency; and even 

where British sterling has been the original measure of value, some 

fixed rate of exchange is often adopted as the basis of computation. 

It is, however, always expedient to provide for possible fluctuations Fluctuations 

should be provided 

by stipulating, either in general terms that the local payment shall for. 

be the equivalent of a specified sum in sterling, or with greater 
precision, that the payment shall follow the rates of exchange or be 
subjected to revision if the difference pass a certain moderate limit 
There are various indirect . causes which influence the rates of ex- ^"^^''^^J"** ^^ 
change between two countries, such as the scantiness of trade, which 
may limit Uie opportunities for remitting; the commerce of other 
countries with which each of the two may have relations ; the uncer- 
tain credit* of individuals or banks; but on these it is unnecessary 
here to touch. 

British sterling is the best basis for international transactions. Bntiah sterling. 
London has become, not only because of her vast commerce, but for 
various other reasons, the clearing-house of the world ; and, even to 
the foreigner, such a basis of computation is, because of its certainty, 
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often convenient and desirable. But the ordinary quotations for rates 
of exchange are seldom for bills payable at sight, the customary 
usance, which varies with different countries, being generally for bills of 
from one to three months after sight by the acceptor ; and this must be 
borne in mind when a bill on a foreign country is purchased for ready, 
money. It is necessary, therefore, in stipulating for payments in a 
foreign country, "at the current rate of exchange,** to remember that 
the ultimate payment will only be made after an interval, during which 
Banker's sieht-biii interest must be reckoned. But a special rate for a sight-bill will 

a safe measure of . 

value. generally be quoted by a banker if required, and the current rate of 

exchange for a banker's bill at sight on London, may be safely 
adopted in any country as the measure of value for international 
transactions. 

Importance of It will be sccu from the foregoing pages that the secondary or 

points on page 34. o o * -o / 

subsidiary incidents enumerated on page 34, deserve much weight in 
the choice of engineering material, and that what may be the best of 
its kind for use in a manufacturing country is not necessarily so 
abroad. It too often happens that a purchaser who has seen or read 
of some new machine or material which has proved successful, desires 
to have the same thing sent to him abroad, without appreciating at 
their proper value the differences in circumstance which these inci- 

'"riven teTtilem'*'* ^^uts cause. And engineers also or manufacturers, who may be fully 

competent in the exercise of their profession, do not always give full 
weight to the contingencies of locality and circumstance which have 
been described. But although these contingencies, if known, may be 
provided for, unfortunately in a great number of cases they are not 
known to those immediately concerned, namely, those who have 

See Preface, Part /. to design, manufacture, or supply the commodities required The 

importance of sending full information from abroad, and the in- 
See^ages, frequency with which this importance is appreciated, have already 
been referred to. 

ei^?r^particu?Ira '^^ those in foreign countries who are surrounded by the same con- 
not appreciated, tinually recurriug circumstances or conditions, and to whom the facts 

of locality or purpose are perfectly familiar, it doubtless requires a 
special effort of mind to realise on what apparently simple and rudi- 
mentary points it is necessary to inform the engineer or manufacturer 
at a distance, to whom is intrusted the fulfilment of their wishes. It 
must be remembered that in a manufacturing country where demands 
centre from all parts of the world, ever-varying conditions have to be 
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satisfied and to meet these differences there is a corresponding variety choice and desiffo 

-,__-,. - ,,,,,, hindered. 

of methods. The choice among these methods depends upon local 
facts of which, for his knowledge, the engineer is generally dependent 
on what is supplied to him by those on the spot Sometimes impor- 
tant dimensions are omitted : in other cases the purpose which is to 
be satisfied, or the service to be performed, is not suf!iciendy de- 
scribed ; or the method of payment, or the conditions of site or climate 
are omitted altogether. Delay is thus caused while the missing facts ^**%*5!J|1^.'**'*** 
are being ascertained ; and if, to avoid delay, a somewhat hap-hazard 
decision is come to, then, in the desire to be safe as regards strength 
or fitness, an unnecessarily great expense is generally incurred. As in«t«ncea. 
for example, a bridge of several spans is required, and the bed of the 
river is either not described at all, or merely alluded to as mud or 
sand. Nothing is said further as to the density of the bed or its suita- 
bility for foundations ; and the engineer, assuming that the mud is 
soft, designs his piers accordingly. The foundations may prove to be SMBMDQKa,Part/. 
firm, and it is discovered, when the bridge is fixed, that much less ex- 
pensive piers would have been sufficient. Ten pounds have perhaps 
been saved by omitting to examine the river bed, and five hundred 
pounds wasted in unnecessary screw-piles. Again, a powerful engine ^'^ Stkam-rnowbs. 
is required, and although the horse-power is specified, no particulars 
are sent as to the space into which it must fit, the service for which it 
is required, or the provision which is to be made for connecting it to 
existing machinery. Or, as regards the boiler, no information is given 
as to the maximum size and weight of the pieces which can be trans- 
ported to the site, or as to the fuel it is to consume. Or, to take 
another case, iron pipes are required, and no information is afforded ^^Pifss. 
as to the purpose for which they are intended, the pressure to which 
they will be subject, or the sort of place in which they are to be fixed. 
Perhaps there is no grievance upon which engineers in England and 
the manufacturers allied to them would so unanimously agree as in 
regard to this insufficiency of information furnished from abroad. 
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CHAPTER XVI. 

THB ESTABLISHMENT OP FACTORIES. 

Cp„uaoat "^ conditions whidi favour the 

daNibd. esublishment of manufactories 

might, if they admitted of a rigid 
classification, be divided into 
those which are primarily neces- 
sary to the purpose in view, and 
into those secondary conditions, 
gh they may determine the cost of 
and the amount of profit, are not 
Lmong the first ^a/«/i'a/r^fftanii- 
sn-emntiiiu. hur. Fuel, Water might take a 

among the second — Climaie, Lo- 
Transport, Contiguity to the con- 
d to subsidiary tradet. Outside these 
; the sufficiency of capital, the re- 
if law and custom, and the artificial 
suppuii of subsidies, bounties, or protective 
intiiu, how to duties. In comparing therespective advantages ofdifFerent countries in 
Ik campand. regard (o some branch of manufacture which is carried on in both, it is 
necessarytoconsiderseparatelythesevarious circumstances if any useful 
conclusions are to be arrived at ; and especially is this necessary where 
the peoples who are concerned have much in common. In regard to 
the iron and engineering trades, an example in point would be afforded 
by a comparison between England and either France, Germany, Bel- 
tnvmiions gium, or the United States. Between nations such as these, of the 
'"*« 21""""' first rank in manufactures, alt the advantages of science and invention 
become common property ; for though one or other nation may be 
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slow to adopt improved methods, the natural process of competition 
will in time lead all to do so. 

For a home trade, local manufacturers may, if the country permits 
it, always have an advantage, for by protective duties such a trade 
may be retained at whatever cost In regard to an outside or foreign 
trade the case is different, and any disadvantages which are peculiar 
to the manufacturing country will show themselves in the long run. 
But the conditions just alluded to so combine or merge into each 
other that an exact classification is impossible, and in the following 
remarks it is only attempted to draw attention to some of the more 
important points which should be considered by those who contem- 
plate such undertakings. Where factories of whatever kind are 
already established in a locality, the conditions of profitable working 
are sufficiently known or may be ascertained by those acquainted with 
the trades in question ; and failure when it occurs generally arises 
from an attempt to compete in supplying an already well-supplied 
demand ; from insufficiency of capital or an expenditure of capital 
excessive for the purpose in view ; from a non-appreciation of the 
examples available for imitation; or from bad management. But 
where a new industry is to be introduced into a country or district 
for the first time, the risk is greatly enhanced by the want of 
precedent 

In new countries with suitable natural resources, there are generally 
enterprising men who desire to establish factories for the manufacture of 
goods which may have been hitherto imported ; and there is a natural 
desire on the part of the community to encourage such a national 
trade. There are some manufactures which should obviously be estab- 
lished. Thus, no people would — if they could help it — remain abso- 
lutely dependent on a foreign supply for food, for bread stuffs, for 
munitions of war or for coining of money ; and arsenals, dockyards 
and factories, whose primary purpose may be for warlike stores or 
repairs, gradually find profitable employment in new work also. It 
may be assumed that in every inhabited country there are natural 
advantages which have caused it to be populated ; fertile lands or 
abundant minerals being those on which the early prosperity depends. 
In such countries, a busy people can produce much more than they 
can consume, and an export trade is naturally developed which brings 
back from older countries, manufactured commodities of all kinds for 
the necessities, comfort or luxury of the people ; and to the thrifty 
and successful allows an accumulation of capital which is the basis of 
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all manufactures. Assuming that a demand for certain commodities 
exists or may be reasonably expected, the trades most likely to succeed 
in a new country in competition with imported manufactures are 
those which are simple and self-contained, and are least dependent 
on subsidiary trades. The natural tendency in manufacture is towards 
a subdivision of processes by which workmen, continually engaged on 
repetition-work, and assisted by special tools, can produce well and 
cheaply ; and this tendency finds its greatest development in an old 
country. Attempts to rival such well-organised and minutely-divided 
industries, under less favourable circumstances, will have small 
chance of success. For instance, in a colony or newly-settled country, 
where coal and iron hitherto unworked are found in close contiguity, 
it might appear as if finished iron or steel might be produced more 
cheaply than it could be imported ; and there is a natural desire to 
encourage such local manufacture. These local materials will have 
their value in the future, but government interference to develope 
them, except by the granting of facilities or the removal of obstacles, 
may involve considerable risk to the true interests of the community. 
For if a preference be shown to the local industry in order to induce 
the establishment of factories when the economical conditions are 
against them, the country will find itself saddled with an unprofitable 
undertaking when the real conditions are revealed; and bounties, 
subsidies, or protective duties will be demanded or perpetuated with 
all their attendant evils. In the older country, the processes have 
probably been so cheapened by subdivision and by special appli- 
ances, and the quantities manufactured are so great, that the cost of 
production, even including the expenses of transport to a distance, 

1 

has been brought much lower than the new country can for a long 
time hope to rival. To make steel, steam-engines, or cutlery, in a new 
country would generally be unprofitable, even though raw material or 
every kind were abundant. Rather should the tools and appliances 
which have, by years of accumulated experience, been brought to 
perfection and cheapness in the old country, be utilised in the new for 
those trades and processes which are primary and simple. 

It may be laid down as a general rule that it is against the interest 
of a community to make at home what can be brought more cheaply 
from abroad ; and the savuig effected by adherence to this principle 
affords resources for more legitimate enterprise. Where taxes are 
imposed on imports from abroad, not for the purpose of revenue, but 
as a protection to native industry, such a system, specious as the 
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arguments for it may appear, has, wherever it has been tried, 
hindered the development of the country. For a time, and in the 
immediate neighbourhood of the protected trades (and so long as 
there is a brisk demand for the commodities), there is an apparent 
prosperity, especially where money lent by the old countries, whose 
manufactures are prohibited by import dues, provides ample means 
for home expenditure. But while, owing to the artificial enhance- 
ment in the prices of goods manufactured under these conditions, 
wages may be apparently high, the purchasing power of wages is 
diminished by the high prices of the clothing and various other 
imported commodities which are also taxed. The tendency of a 
protective system is to spread, for it would appear unjust to protect 
one trade and not another. But it is seldom that the price of agri- 
cultural products can be thus artificially raised, for a tax on food is 
resented by the people, and the rentier and farmer have therefore no 
compensation for the taxes imposed on the commodities they buy. 
Manufacturers under such a system are, when they attempt a foreign 
trade, weighted in their competition with countries wliere liberty 
prevails. For freedom of action is that which most tends to the 
progress of an enterprising people; and fi'eedom to buy in the 
cheapest market is one of the greatest liberties of all. And although 
protective duties are generally excused as merely temporary expedi- 
ents, vested interests are strong; and when capital has been invested, 
and factories have been built on the faith of a national monopoly, 
the reform which must eventually come when the folly of the system 
becomes patent, generally involves loss to those immediately con- 
cerned. The gain to the revenue of a country by protective duties 
imposed on foreign goods which compete with untaxed goods at 
home, is of course at the expense of the importing country, though 
the advocates of the system sometimes maintain the contrary ; and 
the gain to the revenue is limited to the taxes collected on the actual 
import ; while the burden to the general community is measured not 
only by the revenue which they pay, but by the higher prices paid to 
the home manufacturers, and by the general loss to the country of 
the goods which are shut out by the duties. But beyond this, there 
is the burden for which there is no satisfactory gain to any one— of the 
profit put upon the import-tax by the merchants, factors, and retailers 
through whose hands the commodities pass ; by the cost of customs 
collection ; by the demoralising evils of smuggling ; and the general 
restraint of trade which Government interference always involves. 
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Bounties. ' Native industry is sometimes encouraged by bounties on produc- 
tion instead of by taxes on imports, and this is really a cheaper and 
more logical application of the protective principle; for such bounties 
being paid directly out of national funds, instead of, as in customs 
revenue, by indirect taxes not so palpable to the consumer, the 
amount expended may be exactly calculated ; and the indirect losses 
to the community above referred to are not incurred. There is also 
Fallacy evident, this great advantage under the bounty system, that the fallacy of pro- 
tection is sooner recognised when a money subsidy is thus openly paid. 
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There are other ways than those just described by which the 
natural course of trade is hindered. The protective system, erroneous 
as it may be, is, at any rate, intended to encourage national manu- 
factures; but in some countries new enterprises are actually and 
sometimes even directly discouraged by the laws and customs which 
prevail ; and especially so when such enterprises are introduced by 
foreigners. Very often, opposition arises from jealousy — none the 
less because it may be unavowed — on the part of the ruling class 
concerning all undertakings introduced by foreigners, or which tend 
to alter existing methods. In some cases, peculiar laws or customs 
concerning the tenure of land hinder the exploration for minerals or 
their economical treatment In other cases, taxes directed specially 
at the new enterprise may be imposed without warning ; or, where 
permission to utilise the products of the country depends upon the 
will of some sovereign ruler, a sudden or new decree may have the 
effect of confiscating the capital already embarked. Even in countries 
where there is a semblance of justice in these respects, government 
interference often acts as a restraint For instance, the right to trade 
or manufacture, sometimes depends on licenses or concessions, the 
price for which is — all or part — a source of revenue to dishonest 
officials or persons of influence. The price thus paid for what may 
really be a mere permission to benefit the country, loads the under- 
taking from the commencement, and leaves still the risk of com- 
petition when another permission is bought; while, on the other 
hand, if not only permission, but monopoly is granted, the community 
is taxed. There are of course undertakings — such as tramways, 
waterworks, gasworks — which must to some extent be monopolies, 
and in the profit of which it is right that the community should share; 
though it would generally be better if such a share lay in the con- 
veniences afforded, low tariffs, or the reversion of the property after 
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a term of years, rather than in a money contribution to the public 
revenue. In some cases, trade is much hindered by vexatious re- 
strictions, even though these may be of a petty kind. For instance, 
onerous laws as to master and workmen, undue responsibility on the 
master's part for accidents, taxes on materials or on revenue may exist 
— these terms being often secured by heavy sureties or money-deposits. 
Hindrances such as these may harm the community for the advantage 
of a few ; and though experience has proved that, in regard to in- 
dustrial undertakings, a government acts best by interfering as little 
as possible, in England there are laws which are none the less in 
restraint of trade because enacted for the public good. The Mines 
Regulations Acts, the Compensation for Accidents Act, laws as to 
hours of labour for children or for the enforcement of education, all, 
in the first instance, increase the expenses of production. But it can- 
not be doubted that such laws, wisely applied, will so increase the 
comfort or intelligence of the workmen as to fully balance the ap- 
parent loss. 

Obstacles sometimes arise from the method rather than from the 
amount of taxation. Thus, manu&cturers are greatly hindered in 
some countries by taxes so imposed as to require, to prevent evasion, 
constant inspection and regulation of processes. In England, the 
numerous taxes of this kind which formerly existed, and which re- 
quired a costly and complex administration, have been almost all 
abolished, with a gain to the community far outweighing the taxes 
sacrificed. Paper and glass afford conspicuous instances, for these 
industries, when relieved from the inspection and interference of the 
excise officers, become greatly extended, and better, more numerous, 
and cheaper commodities are manufactured And, although excise 
limitations on malt, beer, and spirits still exist, they are recognised 
as evils which are minimised by the nature of the articles taxed, and 
by that need of revenue which forbids their abolition. 

Engineering factories in countries where such industries are new, 
and especially factories in seaports, are generally first established for 
doing repairs, which must be performed locally ; and there are few 
foreign cities where Englishmen are not concemec} in such trades. 
Railways, docks, gasworks and other undertakings which are neces- 
sarily localised, as well as the steam-ships frequenting the port, 
require constantly the services of the engineering trades; and factories 
whose primary purpose is to satisfy such wants, find employment also 
in new work on a small scale. When the natural resources of material 
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and an industrious people are available, manufactures may so in- 
crease as at last to entirely supersede the necessity for importation. 
Trade so established on a natural basi? is more likely to prosper than 
that dependent on subsidies or protection. Manu&ctures are en- 
couraged in some countries by the granting of a monopoly to whoever 
will inaugurate a new industry ; and a justification of such monopolies 
may to some extent be based on the same grounds as justify the 
patent rights granted to inventors ; for to the community an entirely 
new industry has somewhat of this character. But though expediency 
may in some cases excuse the granting of monopolies to encourage 
the investment of capital, trades so fostered are seldom of real ad- 
vantage, and the evils of the system outweigh the supposed benefits. 
Government aid may be granted also by guaranteeing for a few years 
a revenue to some new industry w4iich is obviously needed, but 
which, because of its novelty, may not without some such guarantee 
tempt capitalists to venture. But, as already stated, that legislation 
is of the best kind which, avoiding all positive interference, is directed 
only to the removal of obstacles, thus giving greater freedom for 
enterprise. 

Climate has to be considered in certain trades, as extreme heat or 
cold or moisture may render difficult or expensive or unprofitable, 
processes carried on successfully elsewhere. An iron or steel industry 
situated in a country where the hours of labour are lessened by 
seasons of extreme heat is obviously at a disadvantage with others 
not so hindered. On the other hand, in countries subject to intense 
frost, all operations depending on a water supply or the fiow of water 
through pipes are liable to stoppage. Extremes of climate tell in- 
juriously where workmen are brought firom a distance into surround- 
ings to which they are unaccustomed. As climate largely deter- 
mines the kind of buildings and the provision which may be neces- 
sary for heating, lighting, and ventilating, a factory should be designed 
to meet the exigencies of the seasons, such as the heat, cold, rain, 
and winds that prevail Any precautions which are usual in the 
locality to meet these conditions should be investigated, and, if ex- 
pedient, imitated. Too often it does not occur to those on the site 
who are familiar with these circumstances to describe them to the 
engineers at a distance whose aid they may seek for designs and 
projects. Sometimes the climate may render artificial warming or 
special ventilating arrangements necessary, and in all matters of this 
kind the comfort of the workmen is in the true interests of the master. 
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In a climate where extremes of temperature or — as in England — 
frequent rains hinder out-of-door work, the covering in of open spaces 
may prove a remunerative investment of capital. Workmen will 
obviously work better when protected from the weather; and the 
saving must not be measured merely by the hours saved in which 
work would otherwise be hindered, but by much indirect gain. The 
current charges of a factory continue, even though the work be 
stopped ; and after a stoppage, much time is often lost in starting 
again. If all the men do not return together, groups of men 
dependent on each other may be rendered useless by the absence 
of one or two. Outlay may be better bestowed to avoid such losses 
than on showy buildings or expensive offices. Unless in a retail 
trade, purchasers are little influenced by such supposed attractions, 
and simple offices suitable for their immediate purpose are in better 
keeping with the object of a manufactory. The design for a factory 
obviously depends largely on the building materials available in the 
locality, and the reasons for or against importing particular kinds 
should be carefully considered. 

The choice of Locality depends mainly on the contiguity to 
material, on the cost of transport, on the abundance of labour, and 
on contiguity to the consumer. Taxation and other public burdens 
have also to be considered ; for these vary in different localities, and 
in some cases it is cheaper to establish a factory outside a certain 
district or town. The importance of contiguity to suitable materials 
depends on their weight or bulk, the cost of carriage, and the pro- 
portion which this bears to the whole cost of production. Thus, in 
the ruder operations of the iron trade, such as smelting, if the coal 
and ore do not lie together, the necessity for carrying one or both 
long distances to the furnaces might entirely forbid the trade, unless 
the carriage was, by means of water communication, cheap, or unless 
still greater difficulties intervened to prevent a delivery of iron from 
abroad. 

Materials must be of the kind exactly suitable, the application of 
scientific processes to manufacture which is constantly going on 
prescribing standards of comparison which cannot be ignored. Thus, 
in the manufacture of steel, not only coal and iron ore are needed, 
but special kinds of each ; and even in countries where coal and 
iron abound, some part of the materials may have to be brought from 
long distances. All the countries which make steel by the modem 
processes have to seek far and wide for suitable ore, and the cost of 
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carriage from the mines of Spain and other Mediterranean countries 

which furnish supplies to Europe and America is an important item 

in the cost of production. 

Contiguity to In trades where the material bears a small proportion to the total 

sometimeB cost, distance matters little, if other circumstances are suitable ; and 

un mpo ^ maker of cutlery and firearms is not — other circumstances being 

favourable — weighted much even if the iron and steel are imported 

from a distant country. The folly of taxing raw or half-advanced 

materials is recognised generally, even in countries where the fallacies 

of protection prevail 

Facility of Facility of transport is an important incident in most manufactures, 

not only for the raw material, but for the finished products ; and as 

has just been seen, an industry otherwise feasible and desirable may, 

^briSeeHI** ^^^ yfdjLt of such facilities, be entirely hindered. Except in the most 

Ste in Part I ^ajte P^™^^'^^ countries, wherc each district provides for its own wants, 

^, a/f<» Bridges, inter-communication is a necessity; and next to the maintenance 

of law and order, it is the first duty of a government to promote the 
construction of roads, bridges, and harbours. Instances are numerous 
of countries highly favoured by nature, having abundant minerals, fuel, 
and water-power, which are entirely useless for want of means of 
communication. When such countries border on the sea, manu- 
^ctured goods which might be produced at home are brought from 
foreign countries and delivered within a short distance of the inacces- 
sible native products. A government will do more real good to a 
country in removing such disabilities than by giving to native in- 
dustries so hindered the artificial stimulus of protective duties on 
imports, a course which perpetuates the very evils which need a cure, 
^Vheapciit.*'* Water carriage is the cheapest and best, and navigable rivers are 

one of the greatest natural advantages in any country. Goods once 
embarked may be carried long distances for a tithe of the cost of road 
or railway carriage ; and in the case of bulky, heavy, or fragile goods, 
^<r Export,/*^ jtf. the risks of carriage are generally less. For however much .compe- 
tition or other causes may reduce rates of railway freight, the bare 
Set Locomotives, cost of haulage must at least be paid. Even for an inland trade. 
Canals. canals can compete with railways in the cheapness of carriage, except 

where a very prompt delivery is of great importance. Canals can, 
however, seldom be constructed profitably except in level countries, 
Sometimes costly, for numerous locks not only involve large capital expenditure, but 

increase the cost of maintenance and working. 

It is obvious, that for any but a local trade, factories should 
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be situated on lines of communication ; and even where the manufac- 
tured goods are for local use only, the raw materials may have to be 
brought from a distance. The cost of carriage by land or water depends 
greatly on there being goods to cany in both directions, this being one 
of the numerous advantages of the free exchange of commodities. 
Thus, when iron ore and coal are loo miles apart, the vessels or rail- 
way waggons taking ore to the coal may bring back coal to the ore. 
Trades utterly dissimilar may assist each other in this way, and, indeed, 
allow an otherwise impossible profit by reducing the cost of carriage. 

Cartage may be saved by building a factory immediately on the 
railway, canal, or river which serves for transport ; but while, for 
engineers or others dealing in heavy merchandise or materials, ^he 
point is of importance, in other cases the convenience offered should 
not be over-estimated and allowed too great a weight against the 
opposing advantages of another site. The proportion which the ex- 
pense of cartage bears to the total cost of production and delivery 
differs, of course, with the nature of the trade, and while an iron- 
maker and a bridge-builder may economise by bringing in coal and 
iron, and loading up goods directly on to a railway truck, canal-boat, oi 
ship, a manufacturer of machine-tools or small steam-engines, if there 
be the general advantages of the railway or canal carriage into the 
town or district, might find no sufficient inducements in a saving of 
cartage to draw him from an otherwise desirable site. A railway 
siding at a factory often enables a manufacturer to load 2xA pack his 
goods more carefully or systematically than would be feasible at 
a common railway station, and, in the case of heavy goods, to utilise 
special cranes of the factory which do not exist at the station. Rail- 
way companies, however, do not always allow a reduction of charges 
corresponding to the duties of which they may be so relieved. 

For a foreign trade, contiguity to the sea and means of transport 
are of great importance ; and it is to advantages in this respect, 
as well as to the possession of iron, coal, and skilled labour, that 
England owes her success against foreign rivals. Frequent transfer 
and transhipment are not only expensive, but involve risk of damage ; 
the minor charges in these respects often exceeding the actual cost 
of transport The vast outlay on docks, quays, sidings, cranes, and 
other facilities for shipment, reduces greatly the expenses of the 
manufacturer and the merchant. These advantages, to the countries 
which possess them, do much in the competition of traders to balance 
even superior natural resources in other countries. 
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Contiguity to the consumer is sometimes of greater importance than 
contiguous material, for the convenience to the purchaser of ready 
conference with the manufacturer, of speedy delivery, and the facilities 
afforded by local ketones for after repairs, may outweigh the mere 
saving in money which purchasing from the more distant manufac- 
turer might allow. This is illustrated by the example of agricultural 
implements, the manufacture of which is carried on in districts not 
generally favourable to engineering trades, but amongst a population 
of farmers who purchase. So, also, shipbuilding may prosper at com- 
mercial ports not so well favoured in regard to contiguous materials as 
other and more remote places. In great cities, or centres of popula* 
tion, trades may generally be found which, though not favoured by 
circumstances generally deemed essential, have grown up to satisfy 
a local want Trade in second-hand or waste material generally 
flourishes in a large city; and among the trades which thus arise that 
of rolling high-quality iron from scrap-iron may be instanced. 

Labour is a primary necessity in all manufactures, and in the en- 
gineering trades, skilled workmen may generally be best obtained in 
localities where there is a congregation of similar or kindred trades, 
as numerous factories create a good labour market, and induce work- 
men to seek employment there. Such a congregation of factories 
also brings purchasers to the locality. New countries are at a dis- 
advantage in this respect. 

Contiguity to subsidiary trades is sometimes of more consequence 
than at first appears. Thus if a Birmingham gun-factory, a* Sheffield 
steel-works, or a Nottingham lace-mill, could be transported with all 
its workmen to a country where materials were plentiful and a demand 
brisk for the commodities, they might fail to compete with imported 
goods for want of the preliminary trades which perform cheaply, because 
exclusively, the earlier processes with the raw material ; for want of 
the adjunct or contributory trades for repairs and renewals ; and for 
want of the various minor purveyors who surround the numerous 
similar factories in England, but which a single factory could not 
alone support In other words, this subdivision of labour requires a 
large trade and a busy population : thus industries needing such con- 
tributory trades are difficult to transplant 

Contiguity to fuel or to power may be absolutely necessary to allow 
of competition with rivals similarly favoured. Fuel for steam boilers 
may be of such primary importance as to be classed as a material of 
manufacture ; and factories which have been established in or near a 



Part II.] The Establishment of Factories. 



6i 



forest because of the fuel it affords become worthless when the timber 
is exhausted. The kind of fuel which can be obtained in the locality 
is one of the numerous circumstances which determine its suitability 
for a factory; the importance of this condition depending of course 
on the nature of the trade contemplated. In an iron-foundry or roll- 
ing-mill, an abundant supply of fuel is of consequence ; while in a 
steel-works, the kind, quite as much as the abundance, is a condition 
of success. The proper choice or design of boilers and furnaces 
depends not only on whether coal, coke, or wood, is to be used, but 
partly also on the particular sort 

Water is necessary to most trades, quantity being important in 
some cases, as for washing ores or making paper ; quality in others, 
as for brewing, bleaching, and dyeing ; while in others, the pressure 
from elevated reservoirs or from rapid streams, is valuable as power. 
The durability of steam boilers depends greatly on the kind of water 
which is used \ and if it be very hard, or impregnated strongly with 
lime, the iron plates deteriorate much more rapidly than with good 
water. But it is possible to minimise the evil by a special construc- 
tion of boiler, and therefore the facts should be known to the en- 
gineer who designs the machinery. In some cases, in the vicinity ot 
the sea-shore, or of tidal rivers, only salt water is obtainable, and the 
arrangements usual with marine boilers become necessary. Water is 
needed for condensing-engines, and if the supply be limited, it may 
be expedient to store that discharged from the air-pump in a pond or 
tank, and to re-use it ; while if only salt water be obtainable, surface- 
condensers are preferable. A supply of pure and cool drinking water 
for the workmen not only adds to their comfort, but tends to their 
sobriety. On the source of the supply the necessity for wells and 
pumps depends ; on the abundance of the supply and the liability to 
drought or scarcity, the kind, number, and position of storage tanks. 
If the water is to be derived from public works, the head or force in 
the mains, the price and terms at which the water is sold, and any 
limitation to its free use, should be fully known and considered at 
the outset The position of contiguous water mains, or other existing 
source of supply, should be ascertained and delineated on the building 
plans. 

The supply of Giis or other materitil for lighting should be de- 
scribed ; and if there be no public gas supply it may be expedient to 
construct gas-works, and the arrangement of these must be embodied 
in the design. Advantage may be taken of the motive-power of a 
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factory to apply other systems of lighting. Thus, the apparatus for 
an electric light may be set in motion; or the blast provided for 
melting-furnaces or smiths' fires may be applied to crude-oil lamps, 
this latter system affording a cheap and brilliant light for out- door 
operations. 

The choice of a Siie must be determined partly by local circum- 
stances, and partly by the nature of the trade ; and great care is 
requisite not to exaggerate too much the importance of one set of 
incidents to the exclusion of the others. The value of land for a 
factory depends, of course, on its position in regard to a town and to 
lines of communication, on the soil, and on the tenure. A freehold 
is esteemed everywhere; and there are few countries where the 
peculiar conditions which are common in England in connection with 
leases, titles, and restricting covenants, apply with equal force. The 
agricultural value is generally the primary measure of price, and land 
of low value in this respect may frequently be obtained cheaply for 
building on. Suitability of the soil for foundations is a matter whose 
consequence depends on the kind of buildings and on the nature of 
the trade. The condition of the site in these respects should be 
known to the designer, and whether it is already cleared, levelled, or 
drained. If the site is drained, or if there be any system of drainage 
established in the neighbourhood, information concerning it should 
be furnished, and noted on the plan. A loose soil may involve great 
cost in foundations, a damp soil may be unsuitable for furnaces, 
boilers, or foundry pits, and need expensive adaptation. On the other 
hand, considerable expenses for adaptation may be justified by special 
causes ; as, for instance, where the advantages of a river frontage 
may warrant considerable outlay for pile-driving or cofferdams for em- 
bankments or wharfs. The placing of a factory on marshy or un- 
drained soil, or on a river bank, may render certain operations of 
manufacture difficult or impossible. Certain kinds of castings require 
pits below the ground level, and if these are liable to be flooded, ex- 
pensive iron lining to the pits may become necessary. 

A site otherwise desirable may be rendered useless for lack of 
workmen's houses; and if these have to be built specially, the capital 
expenditure becomes greatly increased. It is expedient sometimes 
in the case of certain trades to choose a locality remote from a town, 
so that labour, or materials, or power, or other necessary commodi- 
ties may be obtained clieaply ; but skilled workmen not unfrequently 
dislike factories remote from large towns, and prefer places where 
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comforts and aihusements are more abundant An expenditure for 
workmen's houses often proves a. profitable investment of capital ; but 
if the houses depend entirely on the new industry for tenants, a heavy 
pledge for its continuance is added, to the general risks. Not only 
houses, but cheap food and clothing reduce the cost of labour, and 
these advantages are best obtained by allowing freedom of commerce 
to the various purveyors who will arise to supply a demand. Too 
often, taxes on commodities hinder manufacturers by so enhancing 
the cost of subsistence as to render high wages unavoidable. 
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In establishing a factory, one of the primary considerations which 
must be kept in view throughout the design is the Capital outlay 
and the proportion it will bear to the probable revenue. Many of 
the most profitable industries have grown up piecemeal from very 
small beginnings, every fresh extension being justified by a pressing 
need and guided by a preceding experience., A manufacture so 
established is, however, often greatly hindered by the want of order 
and arrangement in the various parts or processes ; and a succession 
of additions and attempted improvements sometimes culminate in 
an entire rebuilding of the factory. It is not unnatural, therefore, 
that capitalists, in establishing a new &ctory, estimate their profits 
highly because of the improved plans they are adopting, and on the 
fact that they benefit by an accumulated experience available for 
their information. The ingenuity which suggests all these arrange- 
ments may, however, be a cause of positive loss instead of profit. 
So much money may be laid out on railway-sidings, special machinery, 
and other facilities, that, unless a large output can be maintained, the 
load of capital swamps the entire undertaking. For in the desire to 
have every arrangement perfect, there is risk of incurring an expendi- 
ture which may really prove unremunerative, even though the outlay 
has been for labour-saving processes. Factories so established may 
eventually repay those who can afford to wait ; but without a large 
trade the burden of capital, especially if some of it be borrowed, is a 
frequent cause of failure. Ultimately the profit is reaped by those 
who take advantage of the failure to buy the factory for much less 
than it has cost ; and instances are not uncommon of a second or 
even a third change of ownership before the capital can be brought 
down to a sum on which the earnings will allow a profit Cases of 
this sort mosdy arise when a period of prosperous trade encourages 
the extension of factories, which attain completion only when a re- 
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action has taken place and trade has become dull. The current rate 
of interest is the primary standard by which the sufficiency of profit 
must be measured, the greater rate of interest or profit necessary to 
induce an investment of capital in manu&clures being determined 
by the risks and trouble of the particular trade in question. In new 
countries the current rate of interest is much higher than in England, 
where spare capital is abundant for those who have security to offer ; 
and this high rate of interest for money is as much a disadvantage in 
international competition as deamess of material, labour, or any other 
necessary commodity. 

In preparing the plan of a factory, the Order of procedure in the 
processes of manufacture, and provision for after-extension, are two 
circumstances not always easily reconciled. The first may be con- 
sidered as of the more immediate importance. In dealing with heavy 
materials which have to be treated in many departments, the cost of 
manufacture and the general economy of the factory greatly depend 
on the arrangement of the various workshops, so that the proper 
sequence of operations may be observed. It is thus desirable to 
avoid, not only unnecessary carriage, but unnecessary lifting also. 
Goods from factories on high ground can be despatched down-hill to 
a railway or port very cheaply, while if on low ground, the material 
may be brought down-hill to the factory. In favourable cases, the 
empty waggons can be drawn up by the descending loaded waggons. 
In some factories it is sought to bring in the materials on an upper 
story, and to let them descend through the various workshops and 
processes to the ground, so that the materials may be taken in at the 
higher level and carted out at the basement Hoisting may, how- 
ever, be so cheaply and expeditiously performed by the various 
modem appliances, that too much importance should not be given 
to plans for avoiding it ; and the same consideration applies in esti- 
mating the advantages of a two or many-storied factory, as compared 
with those of one where all the processes are carried on on a ground 
floor. Although in special cases, such as an iron-foundry or smelting- 
works, a ground floor is alone suitable, there are often positive 
advantages in working on an upper floor. Light and air may be 
better obtained ; the workmen are less disturbed by other operations, 
and may be kept under better control ; and there is also the obvious 
saving in the area of land required. Travelling-cranes and hoists, as 
usually applied in England, allow of plans and workshop arrange- 
ments of a kind formerly impracticable or expensive. On the other 
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hand, where land is abundant, and there appear advantages for the 
trade in question in working upon the ground floor, the cost of 
handling and moving materials and goods must not be measured by 
the distance, but by the facilities obtainable for carriage. Tramways 
allow heavy or bulky articles to be moved easily and cheaply ; and, 
unless there be some special advantages obtainable by connecting to 
lines of railway outside, narrow gauges are best. From 10 inches to 
15 inches gauge will suffice for a warehouse, and 18 inches to 30 
inches gauge for an engineer's factory, these latter dimensions allow- 
ing the use of locomotives. For the purposes of a factory, such a 
line may even be laid with advantage between the rails of a standard- 
gauge railway already established for outside communication. On 
the whole, however, for convenience in a factory, hoisting is cheaper 
than horizontal carriage, but in both the cost depends, not merely on the 
distance traversed, or even on the bulk or weight of the articles, but 
on the number of times they have to be handled or attached to the 
moving power. 

The design of a factory depends, of course, on the nature and 
extent of the proposed industry. The preparation of the raw material, 
and the after manufacture of it into articles of utility by other persons 
who purchase it, are a main division which prevails in almost all 
manufacturing trades. Thus, for instance, the smelting of iron and 
the rolling of plate-iron are generally maintained as trades quite 
separate from those of the founder or bridge-builder. But even where 
by general rule or custom such a separation of work prevails, there is 
often a tendency towards a combination of the two manufactures ; 
and though the expediency of such a combination must obviously be 
determined by the merits of each particular case, there are certain 
main principles which — in varying degree — apply to almost all cases. 
The subject has to be considered from the point of view of the 
manufacturers of the finished article, who wish to produce also the 
material which they have hitherto purchased ; and from another side 
in the interest of those who have confined their attention to the pro- 
duction of such material, and who wish to enter upon the final 
manufacture also. 

In the struggle of competition, and in the desire to economise at 
each stage of production, the manufacturer may be led to undertake 
the earlier processes with the idea of saving an intermediate profit 
which may allow a sale of the finished commodity at lower prices 
than rivals can afford ; but this is, to a great extent, fallacious, for 
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the capital employed in a really distmct function should earn its own 
profit; and it can hardly be expected that the earlier processes will 
be cheapened under inexperienced or deputed management. Some* 
times, even where the need and the cost of the additional capital are 
fully recognised, a larger or more easily earned total profit is the 
object still in view. The vicissitudes, risks, and difficulties of an 
accustomed trade are perfectly well known; but the earnings of 
another's trade are more apparent than the dangers or the drawbacks 
which belong to it. The maker of the raw material, which has to be 
sold at exactly regulated market rates, sees that the finished com- 
modity is sold at prices not so strictly defined, and which, in ignorance 
of the actual conditions of manufacture, he may consider very 
profitable ; while the second maker, who has generally more varied 
difficulties to encounter in his proper business than the first from 
whom he buys his material, is tempted to enter upon a trade which 
appears to be simple, easy and profitable. A maker of the first 
material is sometimes reluctantly compelled to enter upon the 
secondary or finished trade to find an outlet for his products ; but if 
these cannot otherwise be disposed of, the fact generally implies a 
slack or fluctuating demand for the finished commodity also. One 
of the best justifications for establishing a factory to furnish the 
material which it would be more usual to purchase, is where there 
are actual circumstances, such as distance, or lack of competi- 
tive sellers, rendering a regular supply doubtful; or where it is 
important to have materials of high or peculiar quality which cannot 
otherwise be ensured. 

lliere is often the disadvantage in the dependence of manufactures 
upon each other, that in dull times, the trade in the final products 
may not be sufficient to absorb the materials prepared for it ; and it, 
to dispose of these, an outside sale is attempted, successful competi- 
tion with established traders is doubtful. Again, the trade in finished 
products requiring a variety of material, may often be greatly hampered 
by the necessity of purchasing from one source, and may be at a 
disadvantage with those which are free to select from numerous 
purveyors, and which can make available a cheap supply from any 
quarter. 

Sometimes a subordinate trade is established for the utilisation of 
refuse products, which would otherwise be entirely wasted ; but it 
would often be preferable if possible, to induce or even assist others 
to establish such a trade as a separate undertaking. In any case. 
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where two or more trades are carried on together, the costs of the 
different departments should be so recorded as to show distinctly 
the burden and profit of each ; for if only the general result be known, 
those branches of the business may be encouraged or extended in 
which actual loss is accruing. 

The tendency of trades is to subdivision into specialties. Thus, 
for use in an engineering factory, not only the material, but all cast- 
ings and heavy forgings, may be purchased, and neither a foundry 
nor a steam-hammer be established. Although possibly some profit 
may be lost in this way, a less amount of capital is needed for plant 
and appliances ; and a manufacturer with limited means, but with a 
knowledge of his own particular trade, may wisely confine himself to 
it ; at any rate, till he has acquired means and experience to go 
farther. 

The arrangement of a factory depends also on the particular kind 
or class of commodities to be manufactured. Thus in an engineer- 
ing works, the kind of machinery to be made (which* will itself be 
determined by the wants of the local and other trades employing it), 
or, in an iron foundry, the kind, size, and weight of the castings, will 
do much to determine the kind of buildings, the thickness of walls, 
the strength of cranes, the width of doors, and other points of import- 
ance. In most cases there are accustomed measures of quantity by 
which the extent or capacity of a factory can be described. Thus, in 
an iron foundry, there is the tonnage of castings of a specified kind 
per week ; in a bridge-building factory the annual weight of struc- 
tures; in a locomotive or marine-engine factory the number of engines 
of a certain size that can be erected at the same time, and the total 
capacity of output per year. This information should be furnished 
to whoever is consulted about any part of the factory, for the kind 
and quantity being thus stated, the various processes and depart- 
ments of manufacture, with the suitable apparatus and machinery, 
can be designed in due proportion. 

Where a large trade is expected, it is generally sought, in the ar- 
rangement of the site and buildings, to provide for future extensions, 
but it is generally prudent to confine the first expenditure to what 
will be immediately remunerative. Sometimes it may be sufficient 
merely to take care in the design that nothing shall hinder such an 
after-extension ; whilst in other cases it may be expedient even from 
the first to provide for certain departments or processes of manufac- 
ture in excess of the immediate demand upon them. Thus in an 
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engineering workshop, space for a foundry may be provided or en- 
closed, although its immediate use may not be contemplated ; or an 
erecting-shop may be made large enough, and the overhead crane 
strong enough, for a heavier class of goods than are at first to be 
made; for while stronger machine-tools may be easily purchased 
when the need arises, the alteration of the premises might prove dif- 
ficult or expensive. If land be cheap, it may be expedient to pur- 
chase at the outset sufficient for the probable extensions, although 
sometimes the cheaper plan may be feasible of acquiring with one 
plot of land the right of purchase for a certain number of years of 
adjoining plots. If purchased, the surplus portion may either be let 
out to tenants on short terms till wanted or fenced in. Sometimes it 
is deemed expedient to carry further the preparations for an extended 
trade. The buildings may be erected, but not furnished with plant 
Thus in an engineering factory, shop-space for additional work- 
benches or machines may be provided at the outset, and utilised 
merely as storage-room. In such a case, the walls and columns may 
with advantage be made of suitable form and strength for carrying 
lines of shafting; columns turned for the ready attachment afterwards 
of cranes or drilling-machines ; and in various other ways prepara- 
tions made which add little to the immediate cost, but which will 
save much expenditure in the future. 

In deciding upon the expediency of any extension which a sudden 
increase of trade may suggest, or on the purchase of new plant or 
machinery for manufacturing some new class of goods for which a 
demand has arisen, the probability of permanency in the new demand 
must be carefully considered ; for capital once invested in such a way 
is not easily recovered, and a too hasty expenditure to meet an ex- 
pected augmentation of trade is one of the most frequent causes of 
disaster. Foresight is necessary in the arrangement of the buildings 
to ensure symmetry and due accord between the various processes ; 
and to this end, the plans should be decided upon only after they 
have been considered with reference to each department of manufac- 
ture. If it be attempted to prepare the plans piecemeal — for instance, 
to design the building and then consider what machinery shall be 
used and where it shall be placed, and then only to arrange the order 
of procedure — trouble and loss are almost certain to occur. For 
example, in an engineering factory it may be found that the buttresses 
of walls do not accord with the positions of shafting brackets ; that 
roof beams are not strong enough or properly spaced for shafting 
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hangers ; that the light does not enter in the most advantageous way ; 
that doors are inconveniently placed or too small ; that the columns 
are suited only for their primary purpose of supporting the roof, and 
that they require, for want of suitable brackets or projections, uncouth 
additions to accommodate cranes, shafting, or drilling-machines. The 
positions of important machines, and especially of engines and boilers 
which may require excavations or foundations, should be considered 
before the building is commenced. 

Where parallel blocks of workshops are erected, land may be left 
for extending any or all of the blocks endways. Lines of shafting or 
pipes in the original workshops may be made of size or transmission- 
capacity sufficient for the ultimate needs. 

In discussing the scheme of a new factory, a plan of the proposed 
site, with neighbouring roads, railways, and canals marked upon it, 
should be considered ; as the shape of the site, its levels, and posi- 
tion in regard to these circumstances, determine the arrangement ot 
the buildings. The direction from which materials will be brought, 
that in which the finished commodity will be taken out, and the 
means of conveyance, should also all be borne in mind. 
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The foregoing remarks have been directed mainly to the establish- 
ment of engineering works, and a due regard to the points alluded 
to is necessary to the proper designing of a factory. But engineers 
are concerned in the establishment of almost all kinds of factories, 
where also considerations of a similar kind arise. A proper scheme 
can only be propounded and a design made, on the basis of full in- 
formation on every point ; and though the varieties of purpose and 
circumstance in different trades are too many to be enumerated, the 
nature of the points to which attention is necessary, may to some 
extent be gathered from those which have been given in this chapter 
for one important industry. 

[See also Transmission of Power : Steam-Engines : Cranes : 
Machine-Tools : Roofs and Buildings.] 
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CHAPTER XVII. 

THB TRANSMISSION OF POWER. STEAM. WATER. 

COMPRESSED AIR. ELECTRICITY. CONNECTING -RODS. 

SHAFTING. BELTING. WIRE ROPE. 

The generation or de- 
velopment, the trans- 
mbsion, and the appli- 
cation of power are three 
distinct processes which 
have occupied engineers 
in all ages. Of these 
three, however, the in- 
termediate link — the 
transmission of power — 
has not received so 
much attention as the 
■miHioo !, or as it deserves. In- 
fected. , Iters of every conceivable 

kind have been the subject of innumerable inventions, and while 
machine-tools and labour-saving processes have been applied to all 
branches of the arts and manufactures, the transmission of power 
from the motor to the machine has, either because it is less interest- 
ing, or because it has appeared to be of less importance, been com- 
paratively neglected. Not only is there frequently an unnecessary 
loss in transmission, but natural sources of power have been entirely 
neglected because they are situated in remote or inconvenient places, 
the means really available for transmitting such forces having been 
insufficiently appreciated. More attention is, however, now being 
directed to the various transmission systems, both in Europe and 
America. 
""Vto"" ^" comparing the respective advantages of the different means ot 
transmitting power, the circumstances to which regard must be had, 
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and which will, indeed, determine the choice to be made, are various. 
First, there is the nature, situation, and amount X)f the motive power, 
with which one system of transmission rather than another may 
accord; secondly, there is the distance to be traversed and the 
obstacles that intervene, which may render certain methods of trans- 
mission unsuitable or impossible ; thirdly, the power may either have 
to be transmitted in the gross or distributed ; and fourthly, there is 
the nature, situation, and extent of the machine or process to which 
the power is to be ultimately applied, and to which one system of 
transmission may lend itself more readily than another. 

Before attempting to apply these considerations, the various methods 
of transmitting power may be briefly enumerated as follows : — 

Fuel is the only form in which even potential force can be trans- 
mitted long distances, /.^., from one country to another. 

Steam^ as the most convenient form of developed heat-force, finds 
its best application in the place where it is generated ; but if need 
be, it can be conveyed considerable distances. 

Water is used for transmitting power in two distinct ways : one, 
where from a high-level source it conveys the force of gravity ; and 
another, where as a transmitter only, it conveys force given to it by 
some other motor. 

. Compressed Air is used for transmitting force produced by some 
ori^nal or secondary motor. It is available for considerable distances, 
but it is costly, and finds its chiel application where the power- 
receiving machine is so situated as to render other and more usual 
methods inconvenient. 

Electricity^ though capable of conveying force, has been hitherto 
rarely employed to transmit more than the minute energy necessary 
for telegraph signalling; but in new and cheaper forms it is becoming 
, available for transmitting much greater forces, under circumstances 
and in situations where all other means of transmission would be 
impossible. 

Connecting-rods are used for conveying power to considerable dis- 
tances, and for many simple purposes, where merely a reciprocating, 
and not a circular, motion is required, they are cheap and effective. 

Shafting is seldom used for transmitting gross power for more than 
short distances, but for distributing power it is more oflen employed 
than any other means. 

Beltingy though it may be regarded merely as an adjunct to shaft- 
ing, needs separate consideration as a transmitter, for it is used, not 
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only for distributing power, but— to an increasing extent — for trans- 
mitting gross power. 

Wire Rope is used, not only for distributing power, but for trans- 
mitting power for considerable distances in the gross. Since the 
comparatively recent dates at which wire-ropes were introduced, 
their uses have been greatly extended; and there are many situa- 
tions for which they are better suited than any other means. 
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Fuel, as the portable embodiment of potential heat-force, in that it 
allows the energy stored up. at one place to be utilised for giving 
motion to machines at a distance^ may be legitimately classed 
among transmitters. So conveniently are the collieries of Great Britain 
situated for shipment of the coal, and so great are the facilities for 
sea-carriage, that coal may be transported with advantage to distant 
countries as a source of power. So cheaply is this effected, that rail- 
way traffic in India or South America can be worked almost as 
cheaply as in England by means of coal carried 10,000 miles. Thus, 
to transmit force to the best advantage, it is obvious that high- 
quality coal should be chosen, and of a kind that deteriorates the 
least in stowage and transit, so as best to repay the expenses of 
carriage common to all qualities. The work of the steam-engine 
may be included as the last part in the transmitting process, and a 
steam-engine that consumes only 3 lbs. of coal per horse-power per 
hour can be worked more cheaply with coal carried half round the 
world than can a steam-engine in the vicinity of a colliery, where — 
perhaps because of its abundance — 10 lbs. of coal per hour are con- 
sumed. 

Peat, as a less concentrated form of fuel, can seldom compete with 
coal, even in the immediate vicinity of the place where it is found, 
except where freedom from some of the ingredients found in coal is ' 
essential for a special purpose, the numerous plans that have been 
attempted for compressing or otherwise preparing it not having 
rendered it valuable enough to bear the expenses of preparation and 
carriage. If, however, the new methods of transmitting power to a 
distance prove successful, peat-beds may, like collieries, oil-wells, 
waterfalls, or other local sources of power, be transmuted into other 
kinds of force which can be profitably conveyed. 

Coal-gas is a transmitter of heat-force useful in many situations 
where furnaces and steam-boilers would be inconvenient. Gas- 
engines may even be profitably eriployed for giving power to dynamo- 
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electric machines, for electric lighting, or for power, if transmission by 
electricity be expedient. The original heat-force in the coal is thus 
transmuted four times : into gas, mechanical force, electricity, and 
once more into mechanical force, before it is applied to the ultimate 
purpose in view. 

Zinc and other metals having a potential heat-force, which may be Heat force in cine 
developed by combustion, might be included in the pfesent category ; Seepage 95. 
but, except that zinc is alluded to under the head of electric trans- 
mission, such substances do not come within the scope of the present 
article. 



The transmission of power by Steam is, in the great majority ot 
cases, confined to the few feet distance between a boiler and the 
cylinder of a steam-engine; and it is obviously advantageous for 
many reasons thus to utilise the power as near to the generator as 
possible. But there are, occasionally, situations where this contiguity 
is unattainable ; and experience shows that steam can be effectively 
conveyed long distances. At mines, for instance, boilers above 
ground supply pumping and other engines more than 1,000 feet 
below ; and thongh the loss by condensation in transit is a difficulty 
which may render other systems of transmission preferable, this can 
be met to a large extent. The envelopment of steam-pipes in felt or 
other non-conductors of heat, is effective in proportion to the care 
with which it is performed ; and, for long distances, elaborate pre- 
cautions are sometimes taken, by which steam may be conducted 
2,000 feet with a diminution of not more than 5 lbs. pressure. The 
preservation of ice from melting or of hot food from cooling when 
protected in a similar way, are analogous cases. Steam for the warm- 
ing of buildings is frequently conveyed long distances in pipes ; but 
though this may afford an example of transmission, it is, of course, the 
very purpose of such pipes to give out, and not to retain, the heat. 

It often happens in a factory that small steam-engines are required 
in situations where steam-boilers would be inconvenient, or where 
their presence would increase greatly the rate of fire insurance. More- 
over, a special attendant who would not be required for an engine is 
needed for a boiler. Machine-tools, whose distance from the main 
shafting of a factory or whose great size renders transmission of 
power by shafting inconvenient, are often fitted with a separate steam- 
engine which may, under certain ciraimstances, be advantageously 
supplied with steam from a distance ; especially where the machines 
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are only occasionally worked, and where, therefore, the maintenance 
of pressure in a contiguous boiler or the time occupied in raising 
steam would be wasteful. But the intermittent nature of the service 
required, which may render the maintenance of heat or high pressure 
in a contiguous boiler inconvenient, is, on the other hand» a direct 
cause of loss when steam is brought from a distance. For, however 
well the pipes may be enveloped, they become in a short time, when 
the connection with the boiler is cut off, as cold as the surrounding 
atmosphere ; and therefore, though the pipes, when once thoroughly 
heated, may conduct the steam with but little loss, there must neces- 
sarily be considerable condensation, and therefore unremunerative 
consumption of fuel, each time the steam is admitted to them after 
a stoppage. 

The distance to which steam may be effectively conveyed in pipes 
is a subject on which there is some controversy among engineers, 
arising probably from the different experiences on which opinions are 
based ; for though, as above stated, steam may be conducted 2,000 
feet with a loss of only 5 lbs. pressure, a much greater waste, even in 
shorter distances, occurs in the majority of cases, owing to the insuf- 
ficiency of the precautions taken. There are instances in England 
and elsewhere of one large boiler supplying steam to numerous 
tenants of adjoining workshops, whose rent to the proprietor for the 
room they occupy is made to include payment for steam also. This 
distribution of steam for power purposes is, however, generally limited 
to moderate distances, in one block or closely contiguous blocks of 
buildings. So effectual, however, is the plan of enveloping the pipes 
in non-conducting material,*when properly applied, that it has been 
proposed to distribute heat and power in towns to distances as great 
as a mile from one central group of boilers. The difficulties which 
are likely to arise are, however, so great as to render the general 
adoption of such a system unlikely. Steam-pipes should be kept 
under cover, and be protected from risk of damage or interference ; 
and it is, ot course, necessary to provide suitable traps and outlets 
for condensed steam, and expansion joints ; though the latter need 
not be so frequent if there happen to be numerous bends in the 
piping which allow of some play or yielding. If situated on private 
property,' troughs or trenches below ground may serve, if there be no 
convenient roof shelter; but if the pipes would have to cross streets 
or pass along public highways, the attendant risks or inconveniences 
generally forbid their use. With regard, therefore, to the trans- 
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mission of steam considerable distances in towns for distribution and 
sale to users, although such a system might be feasible where streets 
are made in the modem manner (as in London and elsewhere), with 
subways specially contrived for water, gas, and other pipes, the local 
difficulties and conflict of authorities in towns not so provided would 
almost certainly be prohibitory. 

The expediency of transmitting power by steam depends a good 
deal on the manner in which the power is to be utilised. If a rotary 
motion is desired, an engine will generally be more effectually worked 
by steam than by water, if a boiler be available within i,ooo feet and 
there be no obstacles in the way of the steam-pipes ; for, though 
water is often used for transmitting power long distances, it is, 
if applied to rotary engines, generally confined to those of small 
capacity. If, however, power is required for direct-acting machines, 
such as cranes, presses, punching-machines, or riveting-machines, 
then water would compare more favourably with transmitted steam. 
In large engineering factories, it is becoming the custom to have a 
separate steam-engine for each of several machine shops, or at the 
end of each line of main shafting, instead of driving everything from 
one large engine ; so that while, on the one hand, if an accident 
happen to the engine, only one workshop or department is affected ; 
on the other, if one or more departments be idle, long lines of shaft- 
ing or the large steam-engine may not have to work unnecessarily. 
It may be convenient to use such numerous engines where numerous 
boilers would be inconvenient ; and long lines of steam-piping from 
a central boiler might, in such cases, be usefully applied. 

The modem tendency towards higher pressure of steam than for- 
merly allows more margin for a reduction in pressure during transit ; 
but the unremunerative consumption of fuel which a reduction implies 
is none the less. There is always the inconvenience, that the loss in 
transit reduces the dryness of the steam, and increases the liability 
to priming. The superheating of steam by a second process after it 
leaves the boiler is directed towards this evil, and neutralises some of 
the effects of long transit. The question of conveying steam long 
distances is simplified if, by care in the arrangements, it can be 
resolved into one merely of expenditure of fuel, against which can be 
set the conveniences which in any particular case are obtained. 
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Power can be transmitted, or stored, or concentrated, or distributed Transmission by 
by Water; and in many cases more effectively and cheaply so, than 
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by any other means ; some or all of these separate functions being 
combined according to the purpose in view. For the mere transmis- 
sion of power, water may be regarded as a long column or rod, which, 
if force be applied to it at one end, will give out a similar -force at the 
other. Thus, if it be desired to convey the force exerted by steam on 
a piston, to another piston loo yards or i,ooo yards distant, a pipe 
laid underground from one to the other will perform this effectually. 
For instance, there may be in or about a factory a hoist too remote 
from the nearest steam-engine, or the requirements may be too inter- 
mittent to utilise its force economically by means of shafting or steam- 
pipe. The hoist used for lifting pig-iron and fuel to a cupola-furnace 
is an example. If a ram or piston-rod working in a cylinder, A, be 
placed beneath the platform of the hoist, C, and this cylinder be con- 
nected by a pipe to a steam cylinder, B, conveniently placed in a 
boiler-house at a distance, and the pipe filled with water, the platform* 
of the hoist may be made to rise by admitting steam above the piston 
in the boiler-house; and the water in the pipe being pushed forward, 
in its turn pushes up the ram of the hoist and holds it in position as 
long as the steam pressure is maintained. By allowing the steam to 
escape, the hoist falls by its own weight, the water flowing backwards or 
forwards at each of these operations. Water, though it may be thus 
compared to a column or rod, has the great advantage over them 
that it can be conducted by tortuous routes without requiring moving 
mechanism of any kind. The simple method above described was 
in use in England about 1855 (Femie*s patent), and since that time 
" hydraulic rods," ** water bars," or " water spears," as they are called 
in different districts, have been substituted in several instances, both 
in England and abroad, for the long reciprocating rods so of^en used 
for transmitting power in mines. 

There is practically no limit to the distance which power can be 
transmitted by water, but as a misapprehension frequently arises in 
regard to hydraulic apparatus, even among those acquainted with 
other mechanical processes, — such hydraulic machines being some- 
times regarded as generators or creators of power, or as capable of 
evading natural laws by producing great results without either a 
corresponding exertion or a consumption of already existing force — ^it 
may not be superfluous to elucidate shortly the principles involved. 
A column of water of i square inch sectional area weighs nearly 
\ lb. for each foot in height, a column 100 feet high weighing 43^ lbs. ; 
and if such a column of water were applied to a pair of scales, or to 
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the end of a lever, it would have neither more nor less effect than the 
same weight of iron, or sand, or quicksilver. The force or power 
which can be obtained from any head of water, is simply the product 
of its weight per foot (which depends as above said, on the' sectional 
area of the conduit), multiplied by the number of feet in height ; and 
if there be also taken into account , as in a waterfall or rapid, the 
abundance of the supply or speed of flow, the number of foot-pound 
units, affording a measure of horse-power will be arrived at. While, 
however, a large reservoir or supply pipe will serve for large or nume- 
rous machines, it is fallacious to suppose that the power of any one 
water motor of given size will be increased by enlarging the reservoir 
or pipe. Such an enlargement would have no more effect than 
would the increase of boiler and steam pipe on the power of a steam- 
engipe with a cylinder of given dimensions. It is the head or height 
of column and not the area of the supply which* determines the power, 
as will be further elucidated presently in the description of the Bramah 
press. It is, however, desirable and usual to have the supply pipes 
of hydraulic machines of ample size so as to minimize the loss by 
friction. 

The extreme fluidity of water, which enables it to pass by tortuous 
routes into the narrowest or smallest place, allows the weight or force 
of gravity which a column or head of water expresses, to be applied 
in a variety of ways, and to a degree which is impossible by any 
other means. Accordingly, engines contrived with cylinder and 
piston similar to those in steam-engines can be worked by water ; but 
a natural head of water is seldom attainable, and to produce it artifi- 
cially a steam or other motor for pumping up the water would be 
required, which, in most cases, would be better applied directly to the 
ultimate purpose in view. The want of elasticity in water also renders 
it less suitable than steam for giving rapid piston motion, and water 
pistons are used only .at slow speeds. Water engines, therefore, are 
seldom used except where there is a natural head of water, or one — 
as in connection with a town supply — provided for other purposes ; 
or where it is desired to utilise power from a distance, or where 
for some secondary reason it is undesirable to use steam. 

By means of water the smallest forces may be so accumulated and 
transmitted as to bring them, with the aid of other transmission- 
systems, into practical use. An instance of such a combination 
would be afforded where, some considerable mechanical force being 
needed and neither water-power nor fuel being obtainable, wind was 
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the only kind of force available. Windmills may be usefully applied 
to pumping-up water ; and, as is often seen in Holland, they work 
without attention, whatever be the direction in which the wind is 
blowing. By such a means, therefore, water could be pumped up 
to an elevated reservoir \ small pumps worked nearly continuously, 
accumulating a large quantity. The water from the reservoir could 
be brought down in pipes and applied through the medium of a tur- 
bine or hydraulic engine, and thence by means of ct»mpressed-air, 
high-pressure water, wire-rope, shafting, belting or connecting-rods to 
the ultimate object in view. Probably by no other means could the 
fluctuating action of the wind be so well transmuted, accumulated, 
and applied. 

The main pipes by which water is supplied to towns may be and 
frequently are utilised for transmitting power, the force of course de- 
pending on the height of the reservoir from which the water flows. 
There are cases in which water-engines, cranes, and other machines 
are worked even so far as twenty miles from the reservoir, without the 
intervention of any other apparatus ; and the advantages of a system 
by which power may be transmitted over hills and valleys, and even 
acfoss rivers, by simple pipes, are obvious. Wliether it be remuner- 
ative to use water which has been pumped up by steam-power to the 
reservoir, depends on the cost of fuel for the engines, on the facili- 
ties for obtaining power in some other way along the line of pipes, 
and on other local circumstances. A more favourable case occurs 
where there is a high-level lake or other natural source, or where 
a waterfall or rapid stream is available for working the pumps with- 
out any expenditure for fuel In such cases, power necessarily 
localised can be conveyed to a distance, and profitably distributed. 
The rapid rivers in Switzerland have in this way been utilised by 
means of wheels or turbines, which pump up water to high-level 
reservoirs, from whence it descends in pipes, and is supplied for 
working small water-engines in factories or workshops. There are 
numerous trades where moderate power is alone required, and where 
small water-engines of from \ to 5-horse power are very useful, 
as they can be worked at any hour at the will of the user, who pays 
only according to the water consumed, as measured and regis- 
tered by a meter on the engine. In Zurich, for instance, power so 
provided is sold at a rate of sd. per horse-power per hour, which is 
less than |d. for 100 foot-tons of power. Such a charge, though 
high if compared with the cost of obtaining power from a steam- 
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engine by the expenditure of fuel, is cheap if the convenience of 

having power always at hand be also reckoned. Moreover, it must Compared with 

be taken into account, in estimating the cost, that as the tariff is 

according to quantity and not according to time only, the net power 

utilised has alone to be paid for. Not only, however, is the water water power for 

from the public mains available in the manner above described, ^^^ e engines. 

but it is used for portable engines also, water-engines on wheeled 

carriages moving from place to place, being instantaneously con- Power taken from 

nected by hose to a street hydrant, the exhaust-water being allowed **"** hydrants. 

to flow into the gutter. In this way, sawing-engines perambulate the 

town for sawing wood for fuel ; and during building operations, small 

water-engines, attached to winches or hoists, are fixed at the foot of 

the scaffolding for hoisting building materials, the waste water being 

useful for mortar-mixing or other purposes. 

Small water-engines are driven by water from the public mains in Power from street 

_ ,. , v •!.▼ « m i- • 11 mftins in England. 

many English towns. In Newcastleon-Tyne, for mstance, small 
motors, hoists, and cranes are worked in this way, the pressure vary- 
ing from 60 to 90 lbs. per square inch, according to the locality, the 
abstraction of water for other purposes, and leakage. In Newcastle, Accumulator 

« , !• 1 « . i , /v. system preferred. 

however, the system compares disadvantageous^ with the more effec- 
tive accumulator pressure which is there so widely adopted. 

The amount of power which the public mains afford depends, of Pressure in main, 
course, upon the height of the reservoir which supplies them, and the ^^ * ^^^ 
consequent pressure of the water \ but in arranging the water supply ste Watrk-wokks 
of a town, an engineer will be guided by consideration of the pressure 
which will take the water to the top of the highest houses, or which 
will afford sufficient force for the jet of a fire-engine, and not that Set fim-Engines, 
which will permit the conveyance of power for general purposes. A 
head of water of 50 feet, giving a pressure of 22 lbs. per inch, is the ^ow p^^^^ 
least which would render water-engines profitable ; for, with a small 
pressure, the friction of the machine, leakage, and other disturbing 
incidents, tell with great effect A higher pressure is therefore much Limit of pressure 
to be preferred ; but it is seldom that a head of more than 300 feet 
is provided in the public mains. A higher pressure is inconvenient 
for domestic water-supply, as special fittings become necessary, and 
the risk of loss by leakage or waste is increased. So far do these zones of altitude 
considerations prevail, that where the reservoir is more than 200 feet See^ 174, 
above the town, or where there is great difference of level in different 
districts, it is usual to divide the town into different zones of altitude, 
and to provide service-reservoirs at the moderate height considered 
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necessary for each. Where, however, the source or first reservoir is 
at a greater height than that needed for the domestic supply, and ii 
there be surplus or spare water, it is inexpedient to waste the store of 
power which gravity affords \ and if there be trades which can utilise 
it, a special main, from the higher level, for water-motors and fire- 
extinction would be generally advantageous. Pipes strong enough to 
convey water of 300 feet pressure cost little or no more than those 
for 100 feet, and even pipes for a head of 500 feet are scarcely more 
expensive. 

The selling price of water depends on various circumstances, 
principally on the abundance of the supply and the cost of obtain- 
ing and distributing it Degrees of softness for washing or manu- 
facturing, purity for domestic use, and pressure for fire-extinction, are 
the incidents on which the value of water depends ; and it is obviously 
the last-named by which the value of a supply for power-machines is 
determined. Water is generally sold to large consumers by meter, 
4d. and 2s. per 1,000 gallons being, with few exceptions, the extreme 
rates which prevail in England ; and, unless the capital expenditure 
has been very large, it will generally be found that even the minimum 
affords a sufficient return. Where water is scarce, the authorities may 
refuse to sell it as power; and even if the supply be liable to stoppage 
in dry seasons, this application of it may, in a manufacturing com- 
munity, be rendered useless. But where an abundant rainfall affords 
a more than sufficient supply for most seasons of the year, the ex- 
pediency of constructing storage reservoirs is worth consideration. 
Water is used most profitably in those trades — such as paper-making 
and dyeing — where the exhaust-water from the motor can be utilised 
for a second purpose. Although a head of more than 200 feet is 
seldom afforded by town mains, and a natural head of more than 
500 feet is generally unattainable, even by special pipes, except in 
mountainous countries, forces which such a height expresses are much 
below those which are best suited to hydraulic machines other than 
prime-movers. And as, with a low pressure, large quantities of water 
would be required to afford great power, this application of gravity- 
force is limited in its application. But the use of water merely as a 
transmitter of power derived from some other motor needs separate 
consideration. The low pressure may, however, by a simple apparatus, 
be multiplied for special machines; but it can then only be con- 
veniently applied for a direct action and a short stroke. 

In a description of power- transmission by water, the Bramah press 
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almost necessarily finds a place, as it was the first in a series of in- 
ventions by which the peculiar properties of water were rendered, 
available. Just as water finds its level by the natural law of gravity, 
so will water confined in a close vessel, or in a series of vessels com- 
municating by pipes, press equally in all directions ; and if to such 
a close vessel or series of vessels a vertical pipe be attached and filled 
with water to the top, there will be a pressure on ev^ry square inch 
on all the sides of the vessel of nearly \ lb. for each foot of height, 
or, for example, if the height be i,ooo feet, the pressure per inch will 
be 435 lbs. The diameter or sectional area of the pipe or column is 
of no consequence ; it may be i inch or i foot with equal effect : 
although,' of course, if the sides of the vessel or any movable ram or 
piston within it begin to yield, so as to give out this concentrated 
pressure, the smaller pipe will, if not kept replenished, be exhausted 
sooner than would the larger one. As it is practically impossible, 
except in mountainous countries (where sometimes water from an 
elevated source is brought down to the valley for scouring out the 
soil under the appellation of hydraulic mining, or for other purposes), 
to obtain a column of water i,ooo feet high, the same effect is arti- 
'ficially produced by loading a plunger or ram or piston so that it 
presses upon the water in the small pipe connected with the vessel 
in which the power is required. Bramah effected this by a small 
plunger-pump, and the power was concentrated in the laiger vessel — 
a cylinder with a moving piston — ^with which the pump was connected 
by a pipe. This is the principle of the hydraulic press, which is 
seldom now called a Bramah press ; and such machines are generally 
used for giving out great power for a small distance, as for expressing 
oil from seeds, packing bales of cotton or hay, or for working " lifting- 
jacks." For such purposes, pressures of from 2,000 lbs. to 6,000 lbs. 
per inch are most usual. The apparent paradox thus presented, of small 
force transformed into great force, is the cause of the misapprehension 
of hydraulic machines before alluded to. But the apparent multi- 
plication of power — as it is sometimes erroneously considered — should 
rather be termed a transmutation, for no more foot-pounds of energy 
are given out than are applied. Thus, if the piston of a hydraulic 
cylinder have an area 100 times as large as the pump- plunger which 
supplies it, the force produced, though 100 times as great, will be 
exhausted when the piston has moved only y^tt of the distance 
traversed by the plunger; or, stated in another way, 2,240 foot- 
pounds on a pump-plunger will give out only i foot-ton on the 
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piston. Thus, it is easy in a hydraulic lifting-jack, where perhaps it 
may be desired to lift 10 tons i inch high, to exert by a succession 
of strokes by a lever on a plunger \ inch diameter, the 1,866 foot- 
pounds which is the equivalent Bramah was hindered for a long 
time in bringing his invention to success by the difficulty of making 
his piston or ram watertight when moving under great pressure ; for 
the ordinary hemp packing used in steam-cylinders, where the pressure 
is much less, was quite inadequate 3 and he succeeded, through the 
happy discovery made by another engineer, that leather packing, 
arranged in a peculiar way, would allow freedom of motion and yet 
prevent the passing or escape of water. 

Hydraulic pressure was, for many years after Bramah's time, con- 
fined to presses where great force was only required to be concen- 
trated slowly ; the process of pumping to accumulate the small units 
of force, occupying too long a time for general purposes, unless steam- 
engines and pumps of great magnitude were provided, the expense of 
which wotdd outweigh the benefits sought. Armstrong's invention of 
the accumulator, however, overcame this difficulty and opened out a 
wide field for the application of power concentrated and transmitted 
by water. By the accumulator system, the pumps, A, instead of forcing' 
water directly into a press cylinder, C, are applied to the forcing up 
of a loaded plunger, B, which, in pressing upon the water pumped 
against it, acts as a substitute for an elevated reservoir. The accumu- 
lator is connected also with the machine in which the force is to be 
utilised, and when communication is open between them, pressure 
from the falling accumulator is instantaneously conveyed to the 
machine, and so far as its own stored-up energy will allow, completes 
the desired operation. If for instance, a certain operation lasting 
half a minute, has to be performed twenty times per hour, which 
would require to effect it in that short time a pumping-engine of 60- 
horse power, an engine of lo-horse power continuously employed in 
raising an accumulator, will store up the total energy required ; or if 
only ten times per hour, an engine of 6-horse power will suffice. Or, 
if instead of services requiring great power, numerous small operations 
have to be performed at irregular mtervals, the accumulator has always 
in readiness a force which can be instantaneously applied The ad- 
ditional convenience that the power can be conveyed long distances 
— ^for the accumulator and pumping-engine may be situated a mile or 
more from the power-receiving machine — greatiy increases the use- 
fulness of the system, as is exemplified by its application to the work- 
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ing of cranes, the opening of dock-gates, and the lifting of swing- 
bridges. The accumulator pressxire which* has been found most 
convenient for these services is about 700 lbs. per square inch; equal 
to a head of water 1,600 feet high 3 this pressure affording sufficient 
power through the medium of moderate-sized machines, and yet not 
requiring various special arrangements which pressures above i,ooo lbs. 

would involve. 

It has been proposed to combine the accumulator system with that 
adopted in Switzerland, of conducting high-pressure water through 
the public streets for sale as power. If the public water-supply in any 
town were already available as power, it would probably not be ex- 
pedient to establish another set of pipes for this purpose, but if the 
public supply were not sufficient, the high-pressure which an accu- 
mulator service affords, would offer great conveniences in the smaller 
and cheaper water-engines required, as compared with such engines 
worked with low-pressure water. This application of the accumulator 
system has been already tried with success in Hull, where water 
of 600 lbs. pressure is transmitted in pipes, the power being sold 
to users at annual rates varying according to the quantity bought, and 
equivalent to from id. to i^d. for every 100 foot-tons. 

For working machine-tools, and more especially portable or movable 
machine-tools, according to Tweddell*s system (principally applied to 
riveting) where a great concentration of force is necessary, a higher 
pressure than that usual with the Armstrong apparatus is needed to 
allow power-receiving machines of moderate size to be used; and 
accumulators exerting a pressure of 1,500 lbs. to 2,000 lbs. per inch are 
generally employed. For many of the piuposes for which hydraulic 
machines are used, pressures of from 3,000 to 8,000 lbs. are customary ; 
but as power and not speed is the object in view, the pressure is 
generally obtained directly from the pumps without the intervention 
of an accumulator. Where a low-pressure system is established for 
general purposes, the force can be concentrated for special machines ; 
the wonderful facilities which water affords, allowing this to be done 
very simply. A pressure of 1,000 lbs. per square inch in one cylinder, 
A, on a piston having an area of 100 square inches, transmitted 
by the piston rod to a second cylinder, B, called an intensifier, or 
dififerential-accumulator (the piston-rod acting as a plunger) having 
only 20 inches area, will be multiplied five times, and water of 5,000 
lbs. pressure per square inch can then be conveyed to the machine 
that needs it. Of course the supply, though thus greater in intensity,^ 
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will be only one-fifth in quantity of that in the first cylinder, but for 
such operations as punching iron or for giving a final squeeze of a few 
inches to a bale, power and not distance is the object in view. 

The non-compressibility of water, by which many of the more 
important operations of hydraulic machines are rendered possible, 
and which allows pressure applied to one end of a column of water or 
hydraulic rod, to be given out at the other and distant end, with but 
little diminution, is a cause of inconvenience in some respects. 
Directly the pressure from the original source — gravity, force-pumps 
or other — is withdrawn, the water is powerless, for it has no self- 
contained or elastic force of its own like steam or compressed air. 
In a steam-engine or compressed-air engine, the supply may be so 
cut off or adjusted that the steam or air will expand till its pressure is 
but little greater than that of the surrounding atmosphere ; and ac- 
cording as the work to be performed is great or small, the supply is 
cut off early or late, so that as little as possible of the force may be 
wasted ; but in a hydraulic machine the pressure must be maintained 
to the end, and if applied to a less purpose than its maximum capacity, 
the balance of power is wasted. Thus, if a hydraulic-crane, capable 
of lifting I ton, is used for lifting s cwt., three-fourths of the power is 
wasted ; while in a steam-crane, by cutting off the supply of steam at 
the proper moment, the expansive force can be more nearly pro- 
portioned to the end in view. Improvements have, however, been 
introduced into hydraulic machines, which to some extent meet this 
disadvantage. On the other hand, the non-compressibility of water 
allows a pressure, once given, to be maintained, provided the 
machine is in good order so as to prevent leakage. 

In theory, the pressure which may be conveyed by water, would 
seem unlimited, but in practice, the limit is reached at a point much 
below that at which metals would be actually compressed. Hydraulic 
machines in all cases require good material and workmanship, but 
where the pressure exceeds 6,000 lbs. to the inch, the liability to 
derangement of parts rapidly increases ; and although by using spe- 
cially-made machines, higher pressures than 6,000 lbs. per inch maybe 
attained, the risk of packing-leathers failing, or of cylinders, pumps, 
and valves bursting, increases. The cylinders of hydraulic machines 
subject to these high pressures are necessarily made of great strength, 
but little or nothing is gained by increasing the thickness of metal 
beyond 4 inches, as the metal becomes coarse and allows the water 
to pass through. The area exposed, and the consequent total strain 
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upon the cylinder, increase with the diameter, and therefore small 
cylinders can endure greater pressure per inch than large ones. For 
this reason, where great force is needed, numerous small cylinders are 
employed instead of a single large one. Steel cylinders are frequently 
used for hydraulic presses, but though stronger than iron cylinders 
there is even more difficulty in making sound castings. Steel, com- 
pressed when in a semi-molten condition by Whitworth*s modern 
invention, is the strongest material yet discovered. But to utilise a 
strong cylinder to the utmost, it is desirable to avoid as far as possible 
applying the maximum pressure to the valves, pumps, and other 
small parts most liable to derangement. This can be effected in a 
very simple way by the intensifier previously described, as a pipe may 
be taken directly from the high -pressure end of the apparatus to the 
press cylinder, without the intervention of valves of any kind ; the 
pumps and regulating valves being all at the low-pressure end of the 
apparatus. This method has been used with good results for the 
final compression of cotton bales, where great density is desired. 
The great majority of hydraulic machines are, however, worked 
at moderate pressures, and are not subject to the above risks. 

One difficulty connected with the transmission of power by water 
is the risk of the pipes freezing up during frost. This may be prevented 
by keeping the water in circulation or, where the quantity is small 
and little is lost, by mixing glycerine or spirits with the water. Oil 
is under special circumstances and in small machines used instead of 
water : it works equally well and has the advantage of lubricating the 
parts with which it comes in contact. 

In conclusion, it may be said summarily that power may be con- 
veniently transmitted by water — 

(i) Where the power is needed at long or irregular intervals. 

(2) Where the distance is too great for steam-pipes. 

(3) Where power, centrally situated, is to be distributed to distances 
and places inconvenient for shafting. 

(4) Where some of the water-power already provided for other 
purposes is available. 

(5) Where very small forces can only be Utilised by accumulating 
them — as is instanced by wind applied to the pumping water into a 
reservoir for use afterwards as hydraulic power. 

(6) Where great power is to be concentrated, either for such pur- 
poses as the packing of bales or for application at different points, as 
in Tweddell's system of riveting* 
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Compressed Air may be either used as a transmitter for giving out 
directly at one end of a tube the force applied to it at the other, or it 
may be used for storing up and transmitting concentrated forces. The 
pneumatic bell is an example of the first or simplest method — ^a slight 
compression of the air at one end of a tube giving out at the other a 
similar force. The column of air (like the " hydraulic rod " described 
under the head of water-transmission) may be compared to a connect- 
ing-rod, with the advantage over the solid rod, that the power may 
be transmitted by tortuous routes and for longer distances, without 
intermediate mechanism of any kind. Another instance of direct 
transmission of power by compressed air is afforded by the pneumatic 
" liquid-ejector," in which air, forced into a closed vessel and pressing 
upon the surface of the liquid, forces it up a discharge pipe. This 
method has, for instance, been applied to the lifting of sewage in 
low-lying districts. Apparatus of this kind is used instead of pumps 
sometimes at chemical works, for raising liquids or semi-liquids 
which would injuriously affect the parts of ordinary pumps. In 
sugar-refineries, also, the machine known as a " Monte-jus " is an 
application of the same principle. This method of forcing upwards 
by a surface-pressure is perhaps shown most clearly in subaqueous 
pier-sinking ; for when it is desired in a submerged diving-bell or 
caissoon resting upon the ground, to raise the excavated mud or 
gravel, it is only necessary to establish by a vertical pipe open at top 
and bottom, communication with the free air above, and then, any 
loose substance heaped up round the lower orifice of the pipe will 
rush upwards ; for the air-pressure from the pumps above which is 
sufficient to keep back the water from the bell, will force sand, mud, 
or gravel up the pipe. 

The pneumatic tubes used in connection with the postal telegraphs 
afford another example of the simpler method; but in these tubes, 
the power, instead of being transmitted to a fixed apparatus, as in a 
pneumatic bell, is utilised for conve)dng objects from one end of the 
tube to the other. It has been found more convenient in large towns, 
to transmit messages in writing from the various receiving oj£ces to 
the central station than by electric-wire signalling. Tubes of lead 
about 2^^ inches internal diameter, encased in iron pipes, are laid 
beneath the foot pavements, and within these tubes cylinchical carriers 
or pellets of gutta-percha covered with drugget, containing written 
messages, are propelled by pneumatic pressure. The distance is 
seldom more than one mile, although this could be exceeded if neces- 
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sary. The system has hitherto been chiefly applied in London, Paris, 
Vienna, and Berlin ; in the latter city, the tubes being utilised also for 
a special express postal service of letters, which, though less speedy 
than the electric telegraph, is quicker than the ordinary post On a 
larger scale, the same system was a few years ago applied in London 
to the conveyance of large packages from a central office to one of the 
railway stations. In this case, the tube was of iron, in shape like a 
tunnel or horse-shoe, 4 feet high and 4 feet 6 inches wide, and within 
the tube, running upon rails, was a carrier or waggon, provided with a 
disc or shield, fitting with enough tightness to the tube to act as 
a piston. A pressure of 4 or 5 oz. per square inch on the piston was 
sufficient to propel the truck. The system worked successfully, but 
has not been extended as was expected ; the want of concord and co- 
operation among the various local authorities, and difficulties con- 
nected with the laying of the tubes in the public streets, being the 
chief retarding causes. Atmospheric pressure was tried in the earlier 
days of railway working, as a substitute for steam in the propelling of 
trains, but was found to cost more and to be less effective. 

The most important application of air for conveying power, is that 
by which force is first concentrated, and then conveyed to the power- 
receiving machine. By special machines known as air-compressors, 
to which power is applied from a steam-engine or other motor, air is 
compressed to a density considerably greater than that of the atmo- 
sphere ; it can then be stored in close reservoirs or portable vessels, or 
conveyed long distances in pipes, and applied to motors or machines 
of various kinds very much in the same way as steam, for, like steam, 
it is by the expansion or the release of elastic force that the power is 
given out. Considerable loss of power is incurred in the compression 
of air and in its application ; and it is obvious that there must be 
giave reasons to justify such a transmutation of abready existing 
motive force : these will be presently referred to. 

In the compression of air, much of the force applied is absorbed 
in the production of heat, which not only cannot be utilised, but 
increases the resistance, and if not counteracted, renders an unprofit- 
ably slow speed necessary ; involving a larger proportion of piston 
leakage than would accompany a greater speed. The attention 
given to the subject, as the usefulness of compressed air became 
apparent, and the greater knowledge acquired of all the working 
parts, have led to improvements which have greatly lessened the heat 
and leakage, and the proportion of useful effect obtained from a given 
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expenditure of power has been greatly increased. The exact pro* 
portion ranges from lo to 80 per cent, according to various circum- 
stances which will be presently referred to. The passage of the com- 
pressed air through pipes involves very little loss if the pipes are of 
sufficient diameter and properly jointed, and not too high a velocity is 
attempted ; for though much air may be wasted by leakage through 
imperfect jointing, the friction of air in pipes is much less than that 
of water. For mere transmission of gross power in a direct line, the 
loss need not be more than 3 per cent per mile (in some notable 
cases it has been less), and though the friction increases somewhat 
if numerous bends or regulating-valves occur at the places of dis- 
tribution, the loss when it occurs, arises principally from leakage, 
which is preventible by proper care. Leakage of air is not so apparent 
as is the escape of steam, water, or gas, and therefore more watch- 
fulness is necessary to detect it ; but by applying soap and water to 
suspected places, the leakage will be evident from the bubbles. A 
further and more serious loss has to be incurred when the com- 
pressed air reaches the machine in which it is to be applied ; for, like 
steam, compressed air cannot within the compass of an ordinary 
machine, be allowed space to expand to the atmospheric rarity which 
alone would enable it to give back all its accumulated force ; but, after 
having bestowed its high pressure on the piston of the machine, it 
escapes, and so wastes the remainder of its force. Just, however, as 
high-pressure steam has been found profitable because of the margin 
for expansion which it affords, so high- pressure air — if the difficulties in 
providing it be overcome — would allow economy by expansive working. 
But the expansion of the air is attended with intense cold, and the 
freezing-up of the exhaust ports and other orifices, are contingencies 
wliich attend the use of compressed air expansively. (So intense is 
the cold that compressed air, if properly regulated, may be utilised 
for refrigerating, or even for freezing liquids ; the cost of fuel for 
compressing the air having to be set against the cost of ice or 
chemicals in the more usual machines.) Not only, however, is it 
thus impossible to give to the machine all the power which was 
originally needed to compress the air, but the mechanism of the 
machine can only utilise, according to its kind and construction, from 
60 per cent, to 80 per cent of the force it receives. Or — to use the 
expression common in steam-engines — there is from 20 to 40 per 
cent loss between the indicated and effective power. Assuming that 
ordinary care be used in the arrangement and use of the apparatus. 
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the final expression of force or work done in the machines usually 
worked by air pressure would be found, owing to the losses which 
occur in compression, transmission, and application above described, 
only to equal from 25 per cent to 40 per cent of the original power, 
/.^, the power which would be needed once more to recompress the 
air which has been used. 

But the loss in working depends mainly on the purpose to which 
the compressed air is applied. For instance, applied as in the ejectors 
before referred to directly on the surface of a liquid to be lifted, or even 
if used for giving power to a slowly-moving pumping-engine, arrange- 
ments are possible for regulating the supply and expansion of the 
air which would not be feasible in a small, quickly-working rock- 
drill. In this respect, the conditions and the comparison to be 
made would much resemble those which apply when steam is used 
for such dissimilar purposes. It must be borne in mind, however, 
that loss is always incurred in the distribution and application of 
power, and it has to be seen in each case whether the conveniences 
obtained outweigh the loss. For instance, small steam-engines 
' worked intermittently, are extremely useful and remunerative, even 
though they consume 10 lbs. or even 15 lbs. of coal per effective 
horse-power per hour, as against the 3 lbs. per hour which a large, 
well-managed, and constantly- working engine will consume. And, if 
such an economical steam-engine be applied to the compression of air, 
which is then distributed in various directions to numerous small 
machines, even the great loss above described will express only a 
consumption of 12 lbs. for each effective horse-power. This will 
still leave an enormous gain in favour of the compressed air as com- 
pared with the cost of hand-labour, or even with steam-power con- 
veyed and distributed considerable distances by shafting and belting. 
From the above point of view, the transmission of power derived 
from some natural or gratuitous source, such as a waterfall or rapid, 
or from water pumped up by a windmill, affords a favourable oppor- 
tunity for using compressed air, especially when transmission by water 
is unsuitable ; and in many such cases where the power is abundant, 
the loss in transmutation which has been referred to is of little or no 
consequence. Water-power is often situated near mines or places 
where compressed air is needed ; and such power, developed at its 
source by a water-wheel or turbine, may be cheaply conveyed for 
many miles in pipes. Notable instances of such transmission are 
afibrded by the works of the Mount Cenis, St. Gothard, and Hoosac 
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(Massachusetts) tunnels, where power has been transmitted from two 
Gravity force of to four miles bv compressed air. In hilly countries having an 

water utilised by . . . . . 

compressed air. abundant rainfall, much gravity force is wasted in the water which 

flows downwards to the sea, but which, by compressed air, might 
be utilised within a considerable range of distance. But the 
profitable application of this method depends much on the con* 
tinuousness of the supply, and — if the supply be intermittent — 
o?Min*res8ed*fdr' ^^ ^^ facilities for Storing the water and even on the possibility 

of storing the compressed air. Opportunities may even occur, in 
connection with the water-supply of towns, for the utilisation, through 
the medium of compressed air, of forces which are generally en- 
water-works, tirely wasted. Where water is brought from a source elevated more 

than 300 feet above a town, it is usual to reduce the pressure to 

See ^agttj4. Part L • ^r j ^* 1 1. -. • v • 

that convenient for domestic supply, by stormg it m service-reservoirs. 
Gravity force at less altitude; and if the water flow idly into such reservoirs, a force 
^^lised'forair- of gravity is wastcd, which could be utilised by passing the water 
compress on. through a turbiue or other engine, and appljdng the power so pro- 
duced to the compression of air ; which could be conveyed to the 
town in pipes and distributed to users. As compared with the trans^ 
mission by water, previously described, the use of air so compressed 
would be advantageous in cases where the water-supply was limited ; 
Without lessenins since the quantity of water would not be diminished if used at an in- 

towrn supply. , 

termediate level, as it would be if used in water-engines at the level 
of the town ; the exhaust water in the latter case being wasted. Even 
when a mine or factory is situated at the higher level where the water 
affords no power, yet — ^if the water be sufficiently abundant, and be 
conducted by piping to the valley, and the force it has then acquired 
Gravity force be Utilised for compressing air — the power can be brought back up the 
brought uphiu. hill in an air-pipe (though with rather more loss than attends transmis- 
sion on the level) ; the very small weight of the transmitting column 
of air as compared with the weight of the column of water, allowing this 
Improved methods to be accomplished. Now that the advantages of air-transmission are 

probable in future. 

becoming widely known, and air-compressors are better constructed, 
it is probable that these methods will be employed more extensively. 
minMiuSTtumfei? '^^^ transmission of power by compressed air finds its chief appli- 
cation in mining and tunnelling operations ; in muiing, for under- 
ground hauling-englnes, pumps, and coal-getting machines ; in tunnel- 
ling, for rock-drills and locomotives. The work of a rock-drill is 
performed by a rapid succession of blows, for which a highly-elastic 
See t^ocK-DRiLLs. force like steam or compressed air is well suited. Steam is generally 
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used where the drills work in an open quarry or cutting to which 
a boiler can be brought sufRciently near, and in a tunnel also, if within 
20 feet of the open face; for in such situations the exhaust steam 
need cause no inconvenience. But steam is almost unendurable in 
mines and tunnels ; water if used as power has generally to be pumped 
up again; while air besides conveying power, has the great advantage 
of ventilating and cooling the place where it is used. This would 
alone justify its use in mines, even if circumstances did not there for- 
bid other methods. In tunnelling, where holes are drilled for insert- 
ing the blasting charge, the atmosphere is so foul after each explosion 
of gunpowder or dynamite that the workmen cannot enter sometimes 
for one or two hours. Where, however, the rock-drills are worked 
by compressed air, the atmosphere can be purified and cooled in a 
few minutes. In badly-ventilated mines, the air-compressors are 
often kept at work for ventilating purposes only ; the air so applied 
having more local effect than that from ordinary ventilating fans. 
The air in deep or imperfectly- ventilated mines is often hot and op- 
pressive, and the miners cannot work to advantage. In such circum- 
stances, a supply of cool and dry air from the compressors will greatly 
increase their energy and capacity. In cases where air, compressed 
on the surface, is taken down into a deep mine, the weight of the 
column of compressed air (which is heavier than the outer air), and 
the expansive force added to the air by the higher temperature of the 
mine, not only compensates for the loss by friction, but renders the 
pressure at the place of discharge greater than that at the compressor. 
In some cases where compressed air has been introduced into a mine, 
it has even been applied to winding or pumping engines previously 
worked by steam ; the boiler being utilised as an air-container or 
reservoir. 

Compressed air is sometimes used for working portable riveting 
machines, to which the power may be conveyed considerable distances 
in pipes and flexible tubes. Compressed air is also used for working 
the brakes of railway trains, the power of the locomotive being utilised 
for compressing the air, which is then transmitted along the train in 
tubes to successive carriages, under each of which is fixed a container 
or store vessel for supplying as needed a cylinder with moving piston 
connected with the brake. The vacuum brake is an inversion of this 
plan, a pump on the engine exhausting the air in the pipes and brake 
cylinders, the pistons then bebg moved by the direct pressure of the 
atmosphere. 
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The expansive force of compressed air may be increased by heat- 
ing it, this being the method adopted in air-engine motors. 

Compressed air is used in subaqueous operations for supplying air 
to a diver in helmet and dress, or to a rock-drill which the diver 
works ; for the diving-bell ; for the sinking of pier cylinders ; for 
supplying submerged caissoons; and for raising sunken vessels; 
the air-pump or air-compressor in these cases being indispensable. 
Compressed air has the advantage over either steam or water, that it 
is portable and can be conveyed in a detached vessel long distances 
from the source of power. It is in this way that compressed air can 
be utilised for propelling tram-cars, where steam and fire and smoke 
might be forbidden; or for continuous brakes on railway trains;. or 
for submerged torpedo missiles ; and if successful for such services, 
there is no reason why the same motive power should not be applied 
to the engines of launches or boats in harbour service, where a few 
hours' work only is needed ; so as to avoid the nuisance of fire and 
smoke. It is obvious that high-pressure water is useless in cases of 
this sort, for, having no self-contained elasticity or force, its power is 
at an end directly it begins to work, if communication with the source 
be cut off. One of the difficulties in working engines with compressed 
air stored in a detached container, arises from the continuous dilation 
which goes on as the air expands or diminishes; special arrange- 
ments being necessary to maintain in the machine a constant power 
like that which is afforded by the continually-replenished supply of 
steam from a boiler. The difficulty is generally met by interposing 
what is called a diminishing or reducing valve between the air reser- 
voir and the cylinder, so as to bring the air to a uniform pressure 
before it is applied, or by variable cut-off valves. 

Air-compressors are of various kinds, and with the extension of this 
system of power-transmission, the manufacture of such apparatus has 
become a special branch of trade. Air-compressors are sometimes 
made separate from the motor and worked by toothed wheels or 
belting; or, like steam-pumps, are provided with one or more steam- 
cylinders to render them complete machines. The lever air-pump of 
the laboratory or the ordinary two or three-throw pump used for 
supplying submerged divers, were the forms of air-compressors first 
commonly known; and the latter arrangement of vertical pump)- 
barrels and crank shaft is applied to large machines also. Horizontal 
machines are now more common, the piston-rod from the steam- 
cylinder being sometimes continued as the pump-rod of the air- 
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cylinder. Rocking-beam engines with the cylinder below one end 
of the beam and the air-cylinder at the other end, are sometimes 
employed; this form being most common in blowing-engines for 
supplying air to blast-furnaces. One cause of difference in air- 
compressors, is the variety of methods adopted by different manu- 
facturers for overcoming the great heat which accompanies the act 
of compression; the heat tending to hinder the proper working of 
the machine. The simplest plan (adopted, for instance, in divers* 
pumps), is to place the working-barrels in a tank which is constantly 
kept supplied with cold water. Another plan is to have pump- 
cylinders with a double skin like the jacket of a steam-cylinder, the 
annular space being filled with water. Sometimes cold water is 
ejected into the cylinder while the compression is going on ; in others, 
water is made to circulate within the piston. The boldest plan is 
that of interposing a layer of water in the pistons and valves, so that 
these no longer come directly into contact with the air;; the layer on 
the piston being really in some tases a column of considerable length 
which receives the pressure of the plunger at one end and gives it to 
the air at the other. This plan, however, has the disadvantage of 
allowing only a slow pbton-speed, and, moreover, the air becomes 
charged with moisture, which increases the risk previously alluded to 
of freezing at the exhaust of the air-driven machine. The " trunk '* 
air-compressor, in which the ends of the cylinders are lefl open to the 
atmosphere, is probably the best that has yet been contrived. In it, 
the inflow of air is facilitated with advantage, and the heating reduced 
to a minimum. 

Air-compressors for working by belt or gearing, and therefore with- 
out steam-cylinder, cost from ;^ioo to jQzoo, and, if fitted with steam- 
cylinder, about one-fourth more ; the boilers necessary for machines of 
these sizes ranging from 5 to 25 horse-power. Air-compressors of this 
kind are suitable for working one or numerous rock-drills, and for 
pumping-engines of small size ; but for permanent pumping- engines 
or work on a large scale, compressors complete with steam-cylinder 
and boilers cost from ;^i,ooo to ;;^2,ooo. 

The measure usually adopted for stating the air-pressure, is that of 
the atmosphere ; compression to two atmospheres (about 30 lbs. per 
inch) or three atmospheres denoting the density. But the effective 
or working pressure is one atmosphere leas than the gross force so 
stated, as there .must of course be deducted the ordinary pressure of 
the outer air which is opposed to an advancing piston (unless a 
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vacuum be artificially created) and, if working under water, a still 
greater resisting pressure. In blowing-engines for blast-furnaces, the 
pressure is generally from 3 lbs. to 5 lbs. per inch ; the blast for a 
Bessemer steel-converter is about 30 lbs.; for small riveting machines 
15 to 30 lbs. ; for rock-drills and coal-getting machines 30 to 50 lbs. ; 
and for air-brakes 50 to 70 lbs. Where compressed air has to be 
stored in a detached or portable vessel, as, for instance, for use in a 
tram-car, underground locomotive, or torpedo, much higher pressures 
are attained; from 500 to 2,000 lbs. per inch being usual limits for 
these purposes. Air<ompressors and accessories of a special kind are 
then needed, which up to the present date (1880), are not adapted for 
supplying advantageously air of such density through pipes for long 
distances. The higher pressures are usually attained by a succession 
of operations : thus, if a pressure of 1,500 lbs. to the square inch be 
required, a first operation might compress the air into one-tenth of 
its ordinary volume, or to 156 lbs. to the inch, and a second com- 
pression again multiply the density ten times. For supplying divers 
either in the helmet or in the bell, the air-pressure is not regulated as 
in the rock-drill, by the force which it is necessary to give to a 
machine-tool, but has to be exactly proportioned to the depth or 
head or pressure of water to be overcome. A depth of 100 feet is 
seldom exceeded by the divers, and therefore an air-pressure of 50 
lbs. is about the maximum; but the greater proportion of diving-work 
is done at depths less than 100 feet and therefore a proportionately 
lower pressure only is required. Diving-bells seldom are available at 
more than 70 feet, and for this maximum depth air of about 35 lbs. 
pressure is sufiUcient 

An ordinary portable engine will give power to a detached com- 
pressor by a belt firom the flywheel; while, if the compressor be complete 
with steam-cylinder, tlie power may be obtained by a steam-pipe from 
the engine-boiler. The steam can be taken directly to the rock-drills 
so long as their situation allows it (though it is inexpedient to trans- 
mit steam through the air rubber tubing if it can be avoided); the 
compressed air being applied as intermediary only where the machine 
has advanced so far into the mine or tunnel as to render the use of 
steam inconvenient. The pipes for transmitting compressed air may 
be of cast iron for the principal mains, but for distribution, wrought 
iron tubing is preferable ; while if the power-receiving machine be 
movable, vulcanised india-rubber becomes necessary. Where life is 
at stake, as in subaqueous work, it is of the greatest importance not 
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to ran any risk by using ill-made rabber tubing, and* good tubing 
will safely withstand much higher pressure than that usual in air- 
transmission. 

In comparing the respective merits of different transmission- 
systems it will be found diat the difficulties which have limited the 
use of compressed air arise in the transmutation and application, and 
that the mere transmission is easily effected. The minimum of loss 
is obtainable by working at a low pressure; but as this involves 
cylinders of proportionately large diameter, the advantage afforded 
by this condition is limited. In this respect air-engines differ from 
steam-engines, in which heat force is most economically generated at 
a high pressure. In fixed air-engines there is not much difficulty in 
having large cylinders ; and a pressure of 20 lbs. to 30 lbs. is not im- 
usual ; but in a portable machine like a rock-drill, where powerful 
and rapid strokes are generally wanted, the machine would be too 
heavy and cumbersome if made for low pressure. For conveying 
power a considerable distance, 70 lbs. per inch may be taken as the 
maximum of modem practice. 
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Electric force is in most cases evolved by the combustion of zinc 
in a galvanic battery; and for telegraph signalling — for which, in 
general, batteries are used — the very small power required and the 
simplicity of the system render such a use of zinc cheap and effective. 
But although electricians have long been aware that much greater 
power could be produced in this way, and transmitted by a con* 
ductor wire or rod, the cost of the process has forbidden its practical 
adoption. Zinc-— owing to the incidents of smelting and preparation 
— is an expensive metal, and the cost of the zinc from which a certain 
amount of heat-force can be liberated during combustion is so 
enormously in excess of the cost incurred for fuel in other motors 
as to put it out of the field altogether. But the discovery of Faraday 
that electricity could be produced by an expenditure of mechanical 
force, and the application of this discovery by the Drs. Siemens and 
others, have presented the case in a new aspect with regard to the 
proportionate cost of electricity and fuel, and bid fair to bring the 
new system within the category of useful and economical power 
transmitters. 

If by a belt from the fly-wheel of a steam-engine, or by other 
means, force be applied to turn the cylinder of a dynamo-electric 
machine sufficient to overcome the resistance of electro magnets 
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placed in juxtaposition, the original energy of the motor is transmuted 
into electric force, which can be conveyed long distances by a con- 
ductor-wire or rod, and through the medium of a second electric 
machine, be given out again in mechanical force by a belt or gearing. 
The knowledge already (1880) available on the subject is chiefly the 
result of experiments made by the Drs. Siemens in England and 
Germany, and by other electricians on the Continent ; and although 
the system has been applied more in connection with lighting than 
for power-transmission, the latter is really involved in the former. 
Street lighting by electricity, and the illumination of the vicinity of 
war ships, have exemplified to the public the new discovery, but the 
most conspicuous success has been obtained in lighthouses, of which 
those at the Lizard and the South Foreland are the immediate 
examples on the English coast By means of a small steam-engine 
(one of about 3i-horse power, weighing 4 cwt, is used at the 
Lizard) in the vicinity of the beacon, a light is obtained in the 
lantern immensely more powerful and brilliant than that afforded by 
any other means, and at a lower cost per hour than that which 
previous systems permitted. 

The loss in each process of transmutation is about 30 per cent, of 
the force employed; that is to say, at the giving the force and 
recovering it at the power-receiving end ; but these losses, if com- 
pared with those in other systems of transmission, are not prohibitory. 
There need be no loss in the mere intermediate transmission of 
electric power, if conductor rods of sufficient capacity be employed ; 
but if they are of insufficient size, some of the electric energy is 
developed into heat, which is wasted by radiation from the con^ 
ductor ; and, if the disproportion be excessive the rod would at last 
be fused. There must, of course, be special rea'sons to justify in any 
particular case the use of an intermediate process like that here 
described, instead of the direct application of the original motor. 
Just as in the case of compressed air or pumped-up water which are 
used for conveying power, a justification is found in the convenience 
afforded in certain situations for transmission or distribution. The 
total loss need not be greater than 60 per cent. (/.^., 30 at each end) if 
rods of sufficient size be employed ; but it is an incident of this system 
that the conductor to work under favourable conditions must be in- 
creased greatly in size or sectional area as the distance increases. But 
being thus increased, it is capable of transmitting a proportionately 
larger force, and therefore, while small powers could only be conveyed 
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cheaply for short distances, greater forces which would repay the cost 
of a large conductor rod could — if the theory based on recent in- 
vestigations proves correct — be transmitted long distances with 
advantage. Thus, for instance, to transmit 5-horse power a distance 
of half a mile, a copper conductor rod \ inch in diameter would be 
required ; while for one mile the sectional area of the conductor 
must be doubled ; and for five miles a diameter of nearly 2 inches 
would be required. But, as such a conductor of 2 inches in dia- 
meter could as well transmit 50-horse power for a distance of five 
miles, the conditions then become more favourable. Dr. C. W. 
Siemens considers that further investigation will show the feasibility 
of employing smaller conductors; and carrying his theory to a 
logical conclusion, is of opinion that 1,000-horse power could be 
transmitted thirty miles on a copper conductor rod 2 inches diameter ; 
although, to effect this, some of the electric energy would be absorbed 
in the heating of the conductor, occasioning, therefore, a loss in 
addition to that incurred in transmutation. The whole question of 
electric transmission is still (1880) too new to allow of any but 
approximate statements on this point 

The circumstances which would favour the use of electricity as a 
power-transmitter appear to be : — 

(i) Where it is desired to distribute or retail power to numerous 
machines faf apart, where small steam-engines for each would be 
inconvenient or expensive. 

(2) Where there are obstacles to transmission by other and more 
usual means. 

(3) Where power from natural sources must — if it is to be of use — 
be transmitted. 

(4) Where the two purposes of power and illumination can be 
combined. 

In the first case^— that of distribution — the loss in transmutation 
may, as in the case of air-compressors already described, be neutral- 
ised by the economy in fuel which a large steam-engine allows, as 
compared with numerous small ones ; a large central engine affording 
at each place to which its force is retailed, after allowing for loss in 
transmission, as cheap a power as would a small steam-engine on the 
spot 

In the second case assumed, there are frequently occasions where 
local obstacles or peculiarities of site render transmission by other 
means difficult or impossible, but where an electric conductor cable 

n 
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could be conveniently applied. Thus, even for small distances, a 
street, or river, or ravine might so interpose between a motor and a 
machine as to hinder the use of shafting, or even of wire rope, but 
which would not prevent communication by a conductor cable if the 
object in view were sufficiently important to justify the cost of the 
electric machines. There are already instances of this use of elec- 
tricity. 

The third case — that where there is some natural local source of 
power — presents entirely different conditions. A waterfall or rapid, 
situated within a few miles of a town might, if applied by means of a 
turbine or wheel to one or more dynamo-electric machines, give light 
to all the streets, or afford motive power to factories, without any 
expenditure whatever for fuel, although for cases such as these, there 
is not as yet much experience available. 

In the fourth case, there might be occasions, as in a harbour or 
municipal workshops, where the power transmitted by the conductor 
might be used in the day for working cranes or other machines, and 
at night time for illumination. 

If however, the utilisation by electric transmission of fuel-force de- 
rived from a colliery or petroleum oil-well sit\iated at some difficult or 
inaccessible place were the object in view, the cost of conductor rods 
(a copper rod 2 inches diameter properly insulated costs about ;^2,ooo 
per mije) would go far to pay for the construction of a road or rail- 
way for the carriage of the fuel itself; and moreover, transmission by 
pressure-water in pipes might in many cases be more suitable. Other 
electricians are quite as sanguine as Dr. Siemens in the anticipations 
concerning electric transmission, and foretell the time when cheap 
or waste fuel will be utilised at collieries for driving dynamo-electric 
machines, and that the power will be transmitted long distances 
to towns, from whence boilers and furnaces might thereafter be 
banished. 

As one difficulty arises from the heating of the conductor, while 
conveying the electric power, it has been suggested that in order to 
keep cool the copper conductors they be made hollow and filled with 
water. If copper tubes be used in this way, it might even be possible 
that they serve at the same time the second purpose of transmitting 
high-pressure water for use as power. It is (1880) too soon to specu- 
late on the exact methods by which electric transmission is likely to 
be utilised, but it can hardly be doubted that it will be developed with 
advantage in the immediate future. If such methods prove feasible^ 
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the utilisation of lai^ge waterfalls, even of Niagara itself, may be ac- 
complished 



The transmission of power by Connecting Rods is, for general pur- 
poses, limited to very short distances ; for in most kinds of machinery, 
a rotary motion is required ; and the crank by which this is obtained 
from the reciprocating movement of a connecting rod, requires, for 
its effective working, an alternate push and pull, for which long 
connecting rods without intermediate supports are quite unsuited. 
Even in a steam-engine, the connecting rod which transmits power a 
few feet from the piston-rod to the crank, is made of form and strength 
far in excess of what the tension requires, to resist the transverse 
strains incurred in pushing the crank ; and the rod, if its length were 
increased, would soon become unwieldy and impracticable. Rotary 
motion can, of course, by the use of a fly-wheel, be obtained by 
pulling only, as for instance, in a lathe where a chain connects the 
treadle to the crank ; but in any but simple cases this is neither 
equable nor effective. By means of a ratchet and pawl, a slow rotary 
motion may be obtained from the tension of a connecting rod, but 
except for such purposes as a ratchet drilling-brace, or for some 
minor movement in a larger machine, this system of transmission is 
seldom suitable. 

Long connecting rods have found their chief application in pumpmg 
from mines, and, in recent times, for the working of railway signals 
and points. Pumping machinery is often erected with a view to its 
temporary use only ; and, whether temporary or permanent, advantage 
is frequently taken of a steam-engine or water-wheel situated at a con- 
siderable distance from the pump-gear ; and in England, connecting 
rods are found to transmit the necessary force without inordinate fric- 
tion for distances up to 3,000 feet. Not only on the surface, but in the 
underground workings of a mine, power is thus transmitted, the rods 
working horizontally or at any inclined angle ; the total distance ^ 
rod-transmission from the original motor on the surface being some- 
times as much as one mile. The power is generally applied by means 
of a bell-crank or quadrant at the top of the mine-shaft, the crank 
being pulled and the vertical pump-rod lifted at each stroke of the 
connecting rod ; the weight of the vertical rods being sufficient (they 
sometimes weigh more than 50 tons) to ensure the downward move- 
ment of the pump-bucket or plunger, and therefore the return stroke 
of the connecting rod. The distance to which it may be profitable 
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or expedient thus to transmit power > depends on many considei- 
ations : the cost of the rods with their supports ; the intervening 
obstacles, such as the inequality of the ground to be traversed ; the 
loss of power by friction ; the right-of-way for the rods ; and the pro- 
portion which these circumstances bear to the comparative expense 
and the convenience of motive power placed nearer to the point 
where it is to operate. Such considerations have, in England, limited 
the transmission-distance above ground to about 3,000 feet as just 
stated, but under more favourable circumstances much greater dis- 
tances may be traversed. Thus, in Sweden, there are instances of 
power derived from a waterfall or rapid being conveyed by connecting 
rods even as far as four miles, for use at mines ; the transmission 
rods having often to traverse irregular and hilly country. Such a 
gratuitous source of power justifies a much greater loss by friction, 
than could be afforded if the power had to be obtained by the expen- 
diture of fuel. The cheapness of timber for the rods, and a free 
right-of-way, also tend to render such long transmission feasible. 

New methods of conveying power long distances by steam, water, 
compressed air, or wire rope, and the various modem inventions of 
steam-pumps, have done much to render long connecting rods un- 
necessary ; but they are still used in the mining districts, and in the 
opinion of experienced engineers may very often be rightly preferred 
to any other system. The rods are generally of wood, strapped with 
iron, and are supported on roUers or rocking-posts placed at intervals 
of about 50 feet Iron rods are sometimes used where the work is 
light ; but for transmitting considerable power, stability against trans- 
verse and compressive strains is better obtained by the use of wood ; 
and iron rods are seldom employed except for short distances. 

Where chain is used for pulling over a wheel, or wire rope for 
pulling a crank, the return-motion is obtained either by a second 
chain or rope, or by means of a balance-weight or spring. The two 
chains, which, from the steering wheel in the fore part of a ship, pull 
on each side of the tiller at the stem, are an example of the former 
method : and the wire rope and balance-weights by which railway 
signals are worked are examples of the latter. As chains can only 
act in tension, there is always a risk, where the return-motion 
depends on a balance-weight — that derangement in the return-motion 
may occur without giving any immediate indication to the operator, 
for the actuating lever may be duly pulled back by the local weight 
attached to it, even though the chain wheel at the further end may 
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not have responded, or the chain may have buckled or kinked. The 
use of stiff rods instead of a flexible conductor greatly reduces these 
risks, because although the effective service may still be performed 
by tension, the resistance which a rod wiU — if properly guided — 
offer to compression, goes far to ensure the return movement. On 
modem ships and steamers, the steering wheels are sometimes as 
much as 200 feet from the rudder, and, although the force is con- 
veyed entirely by tension, yet rods or stiff wire rope have been 
generally substituted for chain except at the immediate connection 
with the wheel and tiller. Till about 1870, railway signals within 
stations were almost invariably worked by wires or wire cable, and 
switches also, if at more than a few yards distance from the operating 
lever. Such a method of transmission proved quite inadequate for 
the safe working of a railway, under the conditions of busy traffic 
usual in England, and the occurrence of numerous accidents rendered 
improved systems necessary. Where wire or wire rope is used, and 
when therefore, the return of a signal to danger or the closing of 
rail-points at a junction depends entirely upon the action of balance- 
weights, there may be no immediate sign given to the signalman, if, 
because of dirt or snow or frost, the cranks and pulleys stick fast, 
for, as just explained, the actuating lever still goes back, and has 
apparently done its duty. But if, instead of wire rope, rods properly 
guided are used, they will either exert a compressive strength suffi- 
cient to overcome the obstacle, or, if insufficient, will, by preventing 
the return movement of the actuating lever, notify the derangement. 
Wrought-iron tubes, which combine much strength and stiffness 
with moderate weight, are found most effective for transmitting the 
force which actuates signals and switches. The tubes employed have 
generally a diameter of from i inch to i^ inch, and are carried on 
guide-rollers placed at intervals of from 6 feet to 8 feet, and as these 
cause considerable friction, the force required to pull over the lever 
increases rapidly with the length of transmission. The stroke or 
travel of the rod seldom exceeds 8 inches, and where the transmis- 
sion distance is great, variations in the length of the rods by expansion 
and contraction in a varying temperature, have an appreciable effect 
The Board of Trade regulations forbid a greater distance for the 
working of facing-points than 450 feet, but, for trailing-points and 
for signals, power may be transmitted 1,000 feet. This distance may 
be considered the limit of transmission by connecting rods for these 
purposes, and for longer transmissions — such as for distant signals 
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which are sometimes placed as far as 4,500 feet from the operator — 
wire rope is used. 

The constantly increasing traffic, the high speeds, and the general 
adoption of the block and interlocking systems on English railways, 
have greatly enhanced the importance of adopting the best trans- 
mission methods ; and the constant attention of railway engineers 
has brought the various kinds of apparatus to a high degree of per- 
fection. With regard to the connecting rods or tubes, further im- 
provement is still sought in the methods adopted for meeting 
alterations in temperature; the various systems now in use not 
always proving effective. It is generally sought, by dividing the total 
length into sections, to make an expansion in one section compen- 
sate exactly for an opposite expansion in another; but even this 
precaution sometimes proves insufficient where the variations in 
temperature are irregular — as for instance, where part of the rods are 
situated in a tunnel or deep cutting, and the remainder on an ex- 
posed embankment 
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For distributing power to numerous machines, Shafting is almost 
invariably employed; but for conveying gross power, it is only 
expedient to use shafting for short distances, an engineer's factory or 
a cotton mill being an example of the former, and the fly-wheel shaft 
of a land engine, or the screw-shaft of a marine engine, examples of 
the latter. The engine or other motor is placed as near the point of 
distribution as possible, as the cost of the machinery and the friction 
in working, increase rapidly with the distance of transmission. In 
England, it is the general practice to take the power from the main 
shafts of large fixed engines by toothed wheels to one or more 
secondary shaft:s, from which the power is distributed by pulleys and 
belts to the various machines. Where the power has to be conveyed 
in numerous directions or to many different workshops, the principal 
transmissions are either effected by toothed wheels or by belting, the 
former plan being the most frequent in England. But the use of 
toothed wheels greatly limits the speed of the shafts, and it is on the 
principle that quickly-running shafts are the most economical for 
transmitting a given power, that belting is preferred more often than 
formerly. 

The primary consideration in laying out shafting, is to have the 
supports at proper distances apart, so that while, on the one hand, 
there may be no unnecessary bearings (as each adds to first cost and 
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to the firiction of working, as well as being an obstruction) there may, 
on the other hand, be no risk of flexure with shafts of moderate 
diameter. Some distance between 8 and 12 feet is generally adopted 
where there is free scope for choice ; the lighter the shafting the 
nearer the bearing required. In cases where it is impossible or incon- 
venient to have bearings so near — ^as for instance where a shaft spans 
an open yard or public street — it may become necessary to truss the 
shaft to enable it to resist flexure. Another important consideration 
is the arrangement of bearings, couplings^ and power-transmitting 
pulleys in relation to each other, for it is expedient to have couplings 
as near the bearings as possible, and it is even more important that 
the power-transmitting pulleys should also be arranged near bearings, 
for they impose great strains upon the shaft Shafting which conveys 
power in the gross, that is to say, which transmits to one end the 
entire power it receives at the other, must be of uniform diameter ; 
but the general use of shafting is to distribute power, and in such 
cases it is made to diminish in diameter with the distance from the 
motor, as the power becomes less by that abstracted. For any but 
moderate distances, it is expedient to place the steam-engine or 
other motor in the middle of the line, and to take the shafts right and 
left from it, so as to diminish the length of each. In this way, shaft- 
ing is taken as far as 1,000 feet in either direction from an engine, but 
although, by careful arrangement and workmanship, the friction can be 
minimised, the loss is considerable, and such long lines of shafting 
are only expedient when the necessities of distribution along the line 
are such as to justify a considerable expenditure of power in convey- 
ing it Where there is but one or few machines, a separate motor 
dose to the machine, or transmission by wire rope or water would 
generally be preferable. 

The details of shafting, and its various accessories, have been 
brought to great perfection. The shafts themselves, for diameters 
not exceeding 4 or 5 inches, are turned from solid rolled bars of 
wrought-iron, but it is sought in some cases to avoid the expense of 
turning, by using bars so planished by cold-rolling as to have a bright 
smooth surface. Large^iameter shafts are forged under the steam- 
hammer and then turned in the lathe, though sometimes only the 
journals or bearings are turned. The exact form which turning alone 
gives, is, however, very useful in allowing free scope for bearings or 
pulleys at any point, and every wheel, pulley, or coupling should be 
balanced. The importance of these precautions increases with the 
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velocity, for as any irregularity in form, or want of balance in the shafts 
or pulleys, gives, at each revolution, a blow to the fixed parts, the 
vibration from these causes will, at high speed, shake loose or destroy 
the entire apparatus; while rough or seamed journals cut or wear 
away the bearings. For high-velocity shafts convejring considerable 
power, or where the distance between the bearings is necessarily 
great, hollow tubes have in some cases been used, so that while 
retaining a diameter sufficiently large for the bearings and to resist 
torsion or flexure, the weight may be as little as possible. There 
are great differences of opinion as to the methods of coupling shafts 
— ^flanges, sockets, bolts, and keys being applied in various ways. 
The coupling should be so designed that the shaft is at least as 
strong at the coupling as anywhere else, and it may be said generally 
that standard sizes should be adopted, so that couplings of the same 
nominal size may be interchangeable and fit accurately on shafts of 
given diameter : and the shafts should be so regulated in size as to 
allow the free passage over them of any wheel or pulley which it 
may be desired to attach. 

Bearings or supports for shafting are needed in a very great variety 
of form and size ; wall-brackets, column-brackets, hangers, and pillow- 
blocks of varying dimensions being necessary for the different situa- 
tions that present themselves. And when belts are substituted for 
geared wheels, the exigencies of position or angle frequently require 
swivelled or adjustable bearings of various kinds. The frequent bear- 
ings for shafting of course require beams, columns, or walls for support, 
and it is best to have all these under cover. Sometimes, these 
necessities may be modified by laying the shafting in a trench in the 
ground, a plan frequently adopted, for instance, in a saw-mill, where 
overhead belts would hinder the free moving of timber, and where, 
because of the high speed of the shafting, the solid support of the 
ground is advantageous, as affording a steadier bearing than the ele- 
vated or side supports of columns or brackets. Where the machines 
are so placed that the belts from below form no obstruction, the plan 
may be best, but it has certain inconveniences. 

The shafting of a factory with its numerous bearings, couplings, 
wheels and pulleys should be considered, not only in relation to its 
ultimate purpose of transmitting power, but as itself a machine. On 
the proper proportioning of the various parts, on the balancing of 
quickly-revolving wheels and 'pulleys, on the accuracy of the bearings, 
and on the methods of lubrication^ depend not only the cost ot 
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repairs^ but the daily cost of keeping the whole in motion. Many 
factory-owners are quite ignorant of the power absorbed in doing this, 
and the measurement of the force expended in turning the whole 
while all the machines are idle, would oflen be very useful The 
power thus absorbed frequently exceeds 25 per cent, and in some 
cases amounts to 50 per cent, of the gross force of the motor ; and 
where the work of the machines is intermittent and much shafting is 
kept running without doing useful work, the proportion of unre- 
munerative expenditure will be greatly increased. In large factories, 
where the work to be done is constant and imiform, one central 
engine of considerable power generally proves cheapest, as space, 
fuel, and attendance are economised; but where, as in an engineering 
factory, one or few machines may, at times, alone be wanted, it is be- 
coming usual to have numerous small engines and less transmission 
shafting. For, in regard to the first cost of the apparatus it;self, of the 
preparations for supporting it, and the force expended in moving it, 
shafting is an expensive mode of transmitting power long distances or 
to isolated machines ; and in such cases the question arises whether a 
separate motor would not be better, and, if a local boiler for a steam- 
engine be inconvenient, the transmission of the necessary power 
by steam, water, wire-rope, or electricity from a distance. The choice 
among these methods depends not only on the local circumstances 
which make the course to be traversed convenient to one more than 
to the other, but on the nature of the operation to be effected — re- 
volving or only reciprocating, constant or intermittent, slow or quick 
in its movement, whether requiring much or little force. 

Power is in some cases distributed by shafting to different users, 
who pay rent for it, this custom prevailing in many manufacturing 
towns where craftsmen of various kinds require from \ to 10 horse- 
power for driving their machines. Sometimes^ the power alone is 
hired, but generally it b provided by the landlord of the tenements — 
often a factory-owner, who has spare rooms to let — ^the tenants who 
thus hire power as well as room, having, of course, to conform to the 
prescribed hours 'of working, or to pay at a higher rate for extra hours 
if the steam-engine be kept running for them alone. 
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Belting may be said to find its principal use in the distribution 
rather than in the transmission of power, and even those engineers 
who prefer geared wheels to belting for conveying gross power from a 
steam-engine or other motor, generally agree that belts are best 
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There are, however, great differences of opinion as to the compara- 
tive advantages of belting and geared wheels, and lengthy treatises 
have been written on both sides without settling the question. But 
although there are some occasions in which the choice between the 
two methods may be difficult, the circumstances whicii favour one 
to the exclusion of the other are in the majority of cases easily 
distinguishable. 

^tsnotprefe^ed Belt-transmission does not compare favourably with gearing for 

slow speeds, and when it is so used it is because of the supposed cheap- 
ness or simplicity allowed in the construction of the apparatus, or 
because of special difficulties in the way of gearing. Belting is not 
Nor for ezMt suited for transmitting exact speeds, for there is a liability to slip, 
spee B. ^hich varies according to tension, temperature, tightness of the belt, 

smoothness of the pulleys, and other circumstances. Thus, it is un- 
fitted for a clock or indicator, for the screw-cutting apparatus of a lathe, 
or for giving motion to the governor of a steam-engine ; althou^ it 
is frequently used for the latter purpose where great exactitude is not 
Pitch-chains, required. Fitch-chains used as belts meet, to some extent, this diffi- 
culty. The slip, or "creeping," of a belt varies according to its grip, and 

siippin^r of beita. to the Strains put upon it, and it is evident that where there are several 

successive transmissions, the aggregate slip may alter greatly the pro- 
portionate revolutions of the power-receiving machine and the motor. 
Grip, how The grip of a belt can be increased by covering the pulley with 
buflf-leather, paper, or other material which increases the friction ; but 
such methods are seldom adopted except for special purposes and 
small machines. For wire-rope transmission the pulley grooves are 
always covered, but as much to prevent damage from the rubbing of 
two metallic substances as for giving grip to the rope. Chalk or 
resin is oflen applied to belting to increase the grip on the pulleys. 
Slipping The liability of a belt to slip, while incompatible with exactitude of 
"advanSSe?" Speed, is, however, the very circumstance which renders this kind of 

transmission preferable to gearing for certain operations. Thus, for 
instance, in driving a circular-saw, if the timber be pushed forward 
too rapidly, or a hard knot be encountered by the saw, some part of 
the apparatus must yield or break ; and the belt, slipping on the pulley, 
nstances. affords the necessary relief. So, also, in starting machinery — if toothed 
wheels, running at a considerable speed, be thrown into gear with a 
heavy machine, the inertia of the latter cannot immediately be over- 
come, and there is a liability to fracture. A belt transferred in the usual 
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way from a loose to a fast pulley acts in such a case the part of a 
friction clutch, and slips sufficiently, during the first few revolutions, 
to give time to the power-receiving machine to attain its proper 
speecL 

Belting is obviously more convenient than gearing for temporary 
transmission, or where the distance from the motor to the machine 
or the relative level of their positions is liable to variation, as a belt 
can be readily applied and adjusted without the preparation and 
exactitude which geared wheels and their supports involve. Thus, 
from a portable engine to a thrashing-machine, stone-crusher or 
mortar-mill, the gross power of a steam-engine is always taken by 
belting. 

Belting has generally been considered by English engineers as 
unsuitable for transmitting the gross power of large engines, but the 
example set in th^ United States, of using belts instead of toothed 
wheels for such purposes, has been followed by many engineers in 
England. And though in confined spaces, or where it is necessary 
from the nature of th^ apparatus that the transmitting parts shall be 
compact and unobtrusive, gearing would appear to be more con- 
venient than belting, in America the custom is extending of designing 
machinery with a special view to the use of belts. Even for purposes 
so flax beyond its hitherto - considered - legitimate function as the 
giving motion to bar-iron rolling-mills, belting has been applied with 
success. 

The whole subject of belt-transmission has been thoroughly in- 
vestigated, and elaborate tables^ based on numerous experiments, 
are available for reference. Opinions differ not so much in regard to 
the theory of calculation — for there is a general concurrence as to 
the principles involved — as in regard to the deductions drawn and 
in the working rules recommended. The power which a belt can 
transmit is measured by the strain or tension imposed on it (depending 
on its sectional area and the quality of the leather) multiplied by the 
velocity, the foot-pounds of energy per minute thus transmitted being 
equal to a certain horse-power. The ultimate breaking strain of 
leather belts varies, according to their kind, from 3,000 lbs. to 5,000 lbs. 
per square inch of sectional area, but there are. wide differences of 
quality. The effective strength is limited by that of the lacing or rivet- 
ing by which it is joined, and the leather becomes worn and weakened 
by use. It is considered expedient, therefore, to have a considerable 
margin of strength, and a working strain of from 300 lbs. to 350 lbs. per 
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tension on a belt i inch wide ^ thick being an example. From the 
gross tension given to the belt, has to be deducted, to obtain the net 
result, a certain proportion which serves only to overcome friction on 
the pulleys, and though there are variations in friction arising from 
different causes, one- fourth is generally considered a fair allowance. 
As an approximate rule, a belt-surface velocity of 55 feet square per 
minute may be taken as required for each horse-power transmitted, 
but as belts vary in thickness, such a rule may need qualification, 
belts of double or treble thickness affording increased strength in pro- 

i^i?in A^lerfca P°^^^° *° ^^^^ greater sectional area. In the United States, where — 

as has been said — belting is used for transmitting much greater power 
than is usual in England, main driving-belts are made of all widths up 
to 36 inches, and 4,000 to 5,000 lineal feet per minute is considered 
a proper speed, this speed being obtained more by the use of large 
diameter pulleys than of high-speed shafting. 

Belting works most effectually when the pulleys are at such a dis- 
tance apart, that the weight of the upper belt affords considerable ad- 
hesion on the pulley, and the belts should be of such width and have 
such a contact with the metal as to transmit the desired power when 
thus running slack ; for if the adhesion has to be obtained by extreme 
tightness of the belt, the shafting is too much strained. Belts always 
incline to the greatest diameter of a pulley : hence the rounding of 
the rim prevents the belts slipping off. If however, the distance 
between the pulle)rs is too great, the belts — slacker as their length in- 
creases — ^work unsteadily, especially at high speeds, and become 
cumbersome and dangerous. Between main- driving pulleys, the dis- 
tance seldom exceeds 40 feet, and between minor distributing pulleys 
25 feet, while in the majority of cases, shorter distances are usual. 
For longer spans, in exceptional cases, intermediate pulleys or rollers 
both for guiding and tightening the belts, become necessary. More- 
over the belting can then be enclosed in wood casing. 

Power can be transmitted by belting from one shaft to another not 
parallel to it by twisting the belt, and the belt has then a greater grip- 
surface on the pulley ; but unless carefully effected, excessive side 
strains may be imposed on the shafting or machines. Difficulties of 
this sort are overcome by having intermediate pulleys for altering the 
direction of the belting ; and where so guided, power can be trans- 
mitted round comers, although the loss by friction is by such a method 
much increased. Where the direction or line of transmission is sub- 



Extreme tightness 
to be avoided. 



Su WiRK Rope, 



Twisted belU. 



Intermediate 
pulleys. 



Part II.] The Transmission of Power. 



109 



ject to variation, swivelled pulleys allow the necessary latitude to the 
belting. 

Although leather is the most usual material for flat belting, other 
materials are also employed ; canvas, vulcanised indiarubber, or both 
combined, and gutta-percha, being the most common substitutes. 
These materials are considered preferable sometimes when the belting 
is to be exposed to damp or steam, but they are also used where no 
such conditions prevail, because they may be at a particular time and 
place cheaper than leather. The quality of leather differs very much 
in different countries, and the superiority generally conceded to 
English leather lies rather in the mode of manufacture than in the 
original quality of the hides. Bark-tanning produces the best leather 
for general purposes, and the English climate favours the growth of 
the best oak bark. A variety of other materials — hemlock bark, 
gambia, valonea (oak-apples), myrabolams — are employed for tan- 
ning where oak bark is scarce, but the average quality of leather so 
produced is less. In England, moreover, more discrimination is 
exercised in dividing the hides into various parts for different 
treatment; so that even though the same average of quality may 
be produced by foreign tanning, the better parts of the hide receive 
in England more attention, and afford for those who are willing to 
pay, the best leather. 

But although leather of the best quality for general purposes may 
be produced by oak-bark tanning according to the English system, it is 
a much-disputed point whether leather so manufactured is the best for 
all purposes. For instance, hemlock-tanned leather, though not of 
such good appearance, is extremely hard and durable for boot soles ; 
and similarly, in the opinion of some engineers, the oak-tanning pro- 
cess, carried out in the manner usual in England for high-priced 
leather, is not the best suited for belting, in that it reduces the origi- 
nal tenacity of the hide. A lasso rope of dried hide is, for instance, 
stronger than a similar rope of leather, and the tedious manipulating 
process by which, in the preparation of such lasso ropes, the flexibility 
of the hide is retained, has been imitated by a machine process for 
making what is called '' fulled raw-hide leather '' for belting. The quali- 
ties of leather so made have not, however, been sufficiently tested to 
justify its' general adoption in preference to bark-tanned leather, and 
except where it is important to obtain a maximum tensible strength, 
the latter would probably be preferable. 

Round ropes are frequently used instead of belts, partly because of 
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the direct advantages they are supposed to afford, and partly because 
where good leather is scarce, they facilitate the substitution of other 
materials. Belting ropes are made of leather, raw or half-tanned hide, 
hemp, maniUa, or cotton. Leather of inferior quality, which would 
firay or break if used in the form of a flat belt, may be twisted mto a 
very strong rope. One effective method of doing this is to lay a flat 
belt upon another of double the width, unite them by one row of 
stitches down the centre, and then to twist the belt, thus doubled, 
into a rope. Raw or half-tanned hide has, when twisted into a rope, 
a tenacity li limes that of flat leather belts of the same sectional 
area. Ropes are often more convenient than flat belts, and in some 
factories— mostly in the United States— have entirely superseded them. 
A flat belt is often inconvenient, its edges are obtrusive, it requires 
wide pulleys, and, if the transmission be not in a direct line, elaborate 
arrangements for directing it But even where there are no such 
special circumstances, ropes are preferred by some engineers. Single 
ropes are used for distributing power to small machines, but the 
system is characterised by the use of numerous ropes running on the 
same pulley in a series of grooves side by side. Thus — ^to take one 
instance — in a jute factory at Calcutta the entire force of an engine 
of 1,000-horse.power is taken by 18 cotton ropes from the fly-wheel, 
which is made of a drum form, 6 feet 7 inches wide, to receive the 
necessary grooves. The fly-wheel is 28 feet in diameter, making 43 
revolutions per minute, the ropes being each 2 inches diameter, 1 1 of 
the ropes taking the power in one direction and 7 ropes in the other. 
The subsequent transmissions for distributing the power are made 
also in a similar way, smaller and fewer ropes being used as the power 
becomes less. But to work this system effectively the pulleys and 
grooves should be acurately turned, so as to ensure that the working 
diameter at each groove is exactly similar. And as, to carry out this, 
the ropes should be of the same diameter, no new rope should be 
inserted till by stretching, or otherwise, it is the same as the ropes 
that have been strained in working. 

There is said to be less risk of stoppage with cotton or hempen 
ropes than with the usual flat-leather belting, as the ropes, which are 
worked at strains very much below their ultimate strength, give early 
warning of deterioration or coming fracture ; and even the breaking 
of one out of numerous ropes does not involve the stoppage of the 
machinery, a new rope being substituted after working hours. 

There is the disadvantage in rope-transmission of this kind that the 
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anangement usual with belting, of fast-and-loose pulleys for starting 
and stopping the machinery cannot be adopted, and other means have 
to be used instead. 

Another method of power-transmission which may be included in 
this category is that by pitch-chains, which, though not suitable for 
the usual purposes to which belts are applied, can, under certain cir- 
cumstances, work effectively at low speeds. Such chains have no slip, 
for each link of the chain fits upon a tooth of the pulley-wheel, and 
the driving and receiving wheels maintain a similar or exactly pro- 
portionate speed according to the number of teeth on each. Indeed, 
transmission by pitch-chains may be considered as an elongated or 
extended system of spur-wheels. Pitch-chains are sometimes used, 
not because they are without slip, but because in the open air they 
are more durable than leather or rope belts, or because they can be 
used for longer distances ; in this latter respect performing somewhat 
the same function as a wire-rope transmitter, presently to be de- 
scribed. Pitch-chains are often used in England in brick-fields or 
other situations where the work is rough. 

Transmission of power by belting, including in this term the rope 
substitutes above described, is, as has been already stated, limited to 
very short spaces ; and for longer distances rope-transmission of a 
different kind becomes necessary. 
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The opportunities for the transmission of power by Wire Rope 
may be said to begin where those for belting end ; but for distances 
up to loo feet, or even 150 feet, shafting is generally to be preferred. 
The teledynamic cables — as the endless, transmitting ropes are 
called — are of comparatively recent introduction (few were in opera- 
tion before i860) and have been only rendered possible by the modem 
invention of wire ropes ; but on a much smaller scale, and with hemp 
or cotton ropes, somewhat the same system was at an earlier date 
employed for short distances. Transmission by hemp or cotton 
ropes is in this way found convenient where the power-receiving 
machine is at a varying distance from the motor. Thus, in a 
travelling-crane, a rope miming from end to end of the staging or 
gantry may be passed romnd a wheel on the travelling-bridge, and with- 
out any alteration in length may draw the bridge backwards and for- 
wards at will. In cranes of this sort, it is sometimes undesirable or 
inconvenient to have workmen on the crane itself; and the entire 
working of the winch, and the various travelling motions, may be 
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performed from below by the rope, more conveniently than by shaft- 
ing. Where the travelling-crane is protected from the weather, cotton 
or hempen ropes will suffice, and a rope \ in. diameter will propel 
the travelling-bridge, the traversing winch upon it, and lift weights up 
to 10 tons easily and quickly. 

Another example is that of a railway traverser for conveying loco- 
motives or carriages across a railway station, or a still longer distance 
across many lines of rails in a station-yard. A hempen rope \ inch 
diameter, laid in an open trough a few inches below the ground and 
passing at one end round a drum on a motor shaft, and, in its course, 
round a wheel on the traverser, will draw or propel heavy loads 
smoothly and quickly. On a still larger scale, and with wire rope, 
the same principle has been carried out for propelling tramcars ; the 
system being particularly useful where the gradients are too steep for 
horse traction, and steam-power is forbidden. In San Francisco, a 
tramway having some steep inclines is successfully worked by wire 
rope laid in a covered trough below the track. By running at a high 
speed, considerable power can in this way be transmitted by small 
ropes, but the power is of course much less with hempen rope than 
that which wire rope will transmit, and any other than wire ropes 
would, if made strong enough to resist as great a tension, be laige and 
cumbrous. Moreover, hemp and cotton deteriorate rapidly if exposed 
to grit, damp, or steam ; and, unless protected from these contingen- 
cies, frequent repairs and renewals become necessary. Wire ropes, 
because of their superiority in these respects, are generally preferred, 
and are rapidly superseding hemp and cotton ropes. On the other 
hand, unless the wire rope be of good quality, twisted in the mannef 
suited to the purpose in view, and the pulle3rs properly constructed, 
the ropes will fray or kink. 

The introduction of wire rope and its adoption for the standing 
rigging of ships, for hauling wagons up inclines, and for drawing 
from mines, sufficiently proved its strength and endurance ; and the 
application of it for power-transmission is the logical outcome of this 
experience. Iron and steel are at their strongest in the form of wire, 
which in proportion to its diameter or sectional area, has a tensile 
strength twice as great as the bar from which it has been drawn. The 
breaking strain of iron wire is at the rate of from 80,000 lbs. to 
110,000 lbs. per square inch of section. Several wires being twisted 
into a strand, the rope is generally formed by twisting several strands 
round a hemp core ; ropes or cables so made, having the aggregate 
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Strength of all the wires, less a diminution calculated at from 5 to 10 
per cent., for loss by twisting. The exact strength and flexibility of a 
wire rope depend upon the quality and temper of the wire, and the 
manner in which it is twisted ; and as several varieties of wire rope 
are made, the manufacturer should be informed of the purpose for 
which the rope is required, the diameter and kind of pulleys, and the 
« tension at which it is to be worked. An iron rope \ inch diameter 
will bear from 3 to 4 tons tension, and an iron rope i inch diamejter 
10 to 15 tons before breaking ; a i-inch steel rope, if hard, as for ships' 
rigging, will bear 28 tons, and if flexible, for moving round pulleys, 
about 20 tons ; one-sixth being considered a fair working strain. 

The amount of force or energy which a rope will transmit in a 
given time, depends upon its tension multiplied by its velocity, the 
foot-pound units so ascertained corresponding to a certain horse- 
power. It is the application of this principle which forms the basis 
of the teledynamic cable system. Ropes of small diameter are 
utilised by running them quickly, the desired speed being obtained by 
making the transmitting pulleys on the motor shafts of large diameter. 
In practice, the pulleys are of all sizes to 1 5 feet, and cables of from 
\ inch to } inch diameter, with speeds of from 3,000 to 5,000 feet per 
minute (about 30 to 50 miles per hour) transmit any required force up 
to 400-horse power. As the rope is subjected to a strain from flexure 
as It passes round pulleys, and as it has, moreover, to sustain the 
weight of its own catenary when suspended, the tension from these 
causes must be deducted before the effective strains can be arrived at. 
The amount of non-effective tension depends on the diameter of the 
rope and that of the pulley, and on the length of the spans. The 
power is taken by the rope passing round a grooved pulley of large 
diameter on the motor shaft, and, like a belt, transmitting the force to 
another pulley at a distance. The pulley to which the force is thus 
transmitted has a second groove upon it from which another rope 
conveys the power onwards to a third shaft, and soon by a succession 
of stages for a mile or more. In the most notable examples of this 
system, the total distance varies from a quarter-mile to one mile ; but 
it has been calculated on the basis of experience already acquired, 
that i2o-horse power could be transmitted twelve miles with a loss 
only of one^fourth in the process. Difficulties connected with right- 
of-way, and the protecting and keeping in repair so many moving 
parts extended so far, render the opportunities for such long trans- 
mission rare, and two miles would be generally the practicable limit. 

I 
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The separate spans vary from 300 to 500 feet, and though it is not 
easy to determine the maximum space which would be practicable, 
it would certainly not be less than 600 feet But, while long spans 
like these are feasible, there is necessarily a considerable deflection or 
sag, and if the rope be not high enough to clear the ground, idle 
pulleys or rollers must be placed as intermediate supports. Power is 
thus conveyed long distances, not only horizontally, but up and down 
hill (though the weight of the cable limits the ascent), across rivers 
anid ravines, and even through water. Cases arise where the power 
of a steam-engine may with advantage be thus transmitted to a 
distance, but the system flnds its chief application in utilising the 
natural force of water, by transmitting it to a convenient place. 
Power from a water-fall or rapid is sometimes conducted down stream 
by conduits or pipes laid parallel to the river; but by wire ropes the 
power can if necessary be taken up stream or across it. 

Wheels or turbines having been first employed to develope the 
power, wire rope, compressed air, and high-pressure water are all 
utilised for transmission, according to the purpose for which the 
power is to be applied and other local circumstances. Thus, for 
saw-mills or factories needing rotary motion, it is wire-rope which will 
generally best convey the power ; for mining operations below ground 
or subaqueous work, compressed air; for cranes and very small 
motors, water or gas-fuel ; while, if the distance be great, or if there 
be serious difficulties in the way of pipes or ropes, the power may be 
transmuted into electric force and transmitted by conductor-cables or 
rods of copper. 

The whole question of power - transmission has attracted most 
attention in Switzerland, where waterfalls and rapid rivers abound ; 
but where, in most cases, the site and immediate vicinity of the fall 
are not suitable for factories. At Oberusel near Frankfort, the motive 
power of a waterfall 263 feet high is utilised ; and about loo-horse 
power is transmitted by wire ropes more than 3,000 feet horizontally 
and 145 feet downwards, in spans of about 400 feet. At SchafFhausen, 
the current of the river Rhine is utilised by turbines of more than 
700-horse power, and the power is transmitted by wire ropes to nu- 
merous factories. At Fribouig, situated on the Saone (a branch ot 
the Air) ; at Bellegarde, where the Perte du Rhdne represents prob- 
ably a force of 2,000-horse pow^r; and at Zurich, where the lake 
discharges by the river Limath, the natural forces of the water- 
flow are utilised and transmitted by wire ropes ; the system having 
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in these cases a particular value owing to the deamess of fuel for 
steam-engines. 

Power is also distributed from one part of a factory to another by 
wire rope. Thus, in Zurich, a laige ironworks on the river front has 
its two principal departments separated by a large block of municipal 
buildings ; and as all the power is obtained from water-wheels at the 
one department which was first established, a portion of the power is 
transmitted by wire ropes along the river front, past the municipal 
building to the second department. So again, at a factory situated 
some distance below Schaffhausen, part of the power, collected and 
chiefly utilised on the left shore, is transmitted across the river Rhine 
to premises which have been built on the r^ht shore. Wire-rope 
transmission is useful also for collecting power from different sources 
to one common centre, an inversion of the distributing principle de- 
scribed above. Thus at Kehlhof in the Toess Valley, a cotton- 
spinning factory derives power from an adjoining waterfall \ but this 
being insufficient, the force developed by a turbine from another fall 
nearly a mile lower down on the same river, is brought back to the 
factory by wire rope to supplement the local power. 
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As various plans for the transmission, distribution, and sale of 
power are receiving a wider attention than formerly, some reference 
to the commercial conditions of any such undertakings may not be 
out. of place. In Switzerland, power-transmission by the wire-rope 
system is undertaken by private persons — or, if it be the purpose to 
distribute power to numerous users, by a joint-stock company ; and 
sometimes — especially when allied with a water-supply scheme — by 
the municipal authorities. The power is leased or sold to factory 
owners and craftsmen of various sorts ; and, as the force transmitted 
by the various ropes depends on the tension and speed, the pro- 
prietors of the transmitters can control the distribution and measure 
the power they supply. The various Swiss associations which have 
been established for the transmission of power by wire rope, have 
not, hitherto (1880) reaped the anticipated profit; but the reasons 
for this, though they may for a time postpone, are not such as to 
hinder, the further development of the system. At Fribourg and 
Bellegarde, the wire-rope undertakings have been financially un- 
successful, not on account of engineering errors either in the water- 
motors or rope-transmissions, but from economical mistakes in the 
extent of the works, the capital outlay, and the expected earnings. 
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The mere creation of powerful motors and the distribution of power 
at low prices will not at once transform an isolated locality into an 
industrial centre ; and it has been found, in the two instances named, 
that there are not at once forthcoming enough enterprising manu- 
facturers and suitable workmen, to utilise and pay for the power so 
cheaply and conveniently provided. The depressed condition of 
business all over Europe in the years following the starting of the 
apparatus, checked the improvement in these respects which was hoped 
for. The commercial arrangements of the transmitting associations 
at SchafThausen and Zurich may, however, be examined with more 
advantage. 

At Schaffhausen^ where the Rhine separates the Canton of that 
name from the Canton Zurich, three large turbines, of 200, 250, and 
250 horse-power respectively, are fixed on the left or Zurich shore. 
Of the total 700-horse power thus produced, 200-horse power is taken 
immediately by shafting to a large thread and canvas-hose &ctoty 
close by, and the remainder is transmitted by wire ropes, across the 
river, to pulleys on a strong pillar or framing erected on the SchafT- 
hausen side. Here, by gearing, the transmission is diverted at a 
right-angle to a line of wire ropes, conducting the power along the 
bank of the river, in spans varying from 380 to 440 feet ; the trans- 
mission extending (in 1878) for four spans, thus involving five relay 
stations or pillars. At each of these stations, power is taken away 
and distributed over a considerable tract — nearly half of the town — 
and is utilised for various manufacturing purposes. Thus, from 
station No. i, whither the power is first brought across the river, 
three factories derive 11, 2, and 4 horse-power respectively. From 
station No. 2, three small factories take i, 2, and 2 horse-power ; 
from station No. 3, a line of shafting running underground for 406 
feet up one of the streets at right angles to the river, takes power to 
eight factories, using from 2 to 6 horse-power each. The aggregate 
power abstracted up to this point is comparatively small, and it is 
at Station No. 4 that the most important distribution commences. 
One large worsted-spinning factory takes 265-horse power ; an in- 
dustrial dwellings association 8o-horse power ; and three other fac- 
tories take 14, 6, and 2 horse-power ; the last of these obtaining the 
power direct from No. 4 station by a light wire-rope transmission. 
The industrial dwellings association has been formed especially for 
giving workmen and others manufacturing on a small scale, power 
as well as room at one inclusive rent. The wire-rope transmission 
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up to No. 4 station has been working since 1866, and it was only in 
1875 ^^^ ^^ "^^^ continued to«its next terminus at No. 5, from whence 
three factories take 3, 3, and 38 horse-power respectively. At the 
commencement of the year 1879, ^ ^^^ ^^ 664-horse power had been 
contracted for, it having grown to this amount from a total of 121- 
horse power taken in the year 1866. It is interesting to note how a 
small community (the population of the town has fluctuated since 
1857 between 10,000 and 13,000) has utilised so largely, and in such 
a variety of undertakings, the water-power within its reach. In ad- 
dition to the distributing system above described, there are numerous 
water-wheels and steam-engines belonging to independent proprietors. 

The price paid for power from the wire-rope stations ranges from 
120 fr. to 150 fr. per horse-power per annum; and, in some cases 
where local transmission-shafting for bringing the power to the out- 
side of the factory of the hirer is supplied, an additional charge of 
about 30 fr. per horse-power per annum is made. The turbines and 
wire rope run twelve working hours per day, and are stopped during 
the night, on Sundays, and on four holidays in the year, to a£ford 
opportunities for repair. If necessary, for important alterations or 
repairs, stoppage to the extent of twenty working days per annum, 
may be made without compensation to the hirers ; but beyond this, 
a rebate in the rent may be claimed by them. 

The company which owns the transmission system at Schafifhausen 
was formed with a capital of 800,000 fr., of which the town contri- 
buted 300,000 fr. ; but a much larger sum has been expended on the 
works by the principal promoter of the enterprise. The dividends 
have, in some years, been nil ; in 1877 they had reached 3 per cent; 
but the low profits were mainly owing to the very low tariff; the whole 
undertaking having been carried on rather as a work of public utility 
than for gain. It can, however, hardly be doubted that on the expir- 
ation of the original leases with the factory owners, if the system has 
then become thoroughly established, the tariffs may be considerably 
raised while still affording cheap power to the users. In estimating 
the value of power provided in the manner here described, and in 
comparing it with that afforded by a steam-engine, it must be noted, 
on the one hand, that the capital necessary for independent motors 
is saved to the hirers, as well as the fuel which a steam-engine would 
consume ; while, on the other hand, the terms of the contract do 
not allow any diminution in rent, if, for any reason, the power is not 
made use of. 
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i,ver current has been undertaken 
tiUs*^^" ^ heidyf ^' some years, carried on for 
^t^tt^.^ay, ^^^ ^^c tTsnsrcas&ioTi of power by water as al- 
^^gmi^^ py the ""j^'^the ^^^ ^fks on an extended scale have since 
Jr -^•"^' /*^**'**^W' ^^^u\iohT^^ * considerable system of wire-rope 
re^y jjgtnjct^.^^' gjtd d^^^ have been built to regulate the flow 
^^^isstoo- j^ijies, of force together equal to 900-horse power. 
'/^^ ^^'^' ^'vai P^ ^ applied directly to the pumping of water 
Of this, **^^^rvoirs for an extension of the high-pressure water- 
to eley^f* '^leoi just mentioned, which has been very successful, 
tj»iis'"^^-„ii«d considerable additions to meet the demands upon 
^d ^ ^^y^ from two turbines is taken across the river by wire 
'^ and tzansroitted to three already existing factories, which were 
^Mbed by the new works and had a first claim for power. The 
rfie pillar or station which receives this power, from the turbines 
^^eeives from 200 to 300 horse-power for transmission along theriver- 
2^k to industrial dwellings : the ground for these fronting the river 
having been secured by the municipality, who let out to tenants work- 
shops and power at an inclusive rent, somewhat in the manner adopted 
at Schaffhausen, but at a higher tariff. The tariff is, however, much 
less than that for pressure-water power for the hydraulic engines. 

As the wire-rope and water systems work together in the same 
town, the different conditions must be taken into account if a com- 
parison be made between them. Where the force is derived from the 
weight or gravity of stored-up water, the expenditure of energy in 
producing it, is regulated exactly by the water consumed by the users; 
and as the water unconsumed on one day is left available for use on a 
future occasion, payment need only be made for the precise quantity 
used ; while in the wire-rope transmission, the power of the motor 
and the expenses of managing it cannot be exactly regulated to meet 
a fluctuating demand ; and users must pay a rent, measured, not by 
what they actually use, but by what they have the option of using if 
they please, and which in any case is provided 

The various means of transmitting power which were summa- 
rised on pages 7 1-2 having now been described, it may again be said 
in conclusion, that a choice between them in any particular case can 
only be made after consideration of all the circumstances enumerated 
on page 71, full information about which should be furnished to 
those concerned. 



CHAPTER XVIII. 

THE COMMERCE IN COAL, IRON, AND STEEL. 



Engineers are concerned in 

the uses of Coal in various ways, 

but mainly for the evaporation 

of water in steam-boilers ; the 

smelting of ores ; the melting, 

puddling, and other processes 

of iron-making ; the making 

of steel ; and the production 

of illuminating gas. For these 

very different purposes, each 

kind of coal has its particular 

value. The comparative 

powers of the different kinds 

consumed in generating steam 

are generally expressed by the number of pounds of water which are 

evaporated by the combustion of one pound of coal, and the power 

and value of coal in this respect mainly depend upon the amount of 

carbon and hydrogen it possesses. One pound of English coal will 

ev^MJWte from 6 lbs. to 1 1 lbs. of water, and with limits so wide, the 

propter choice of coal is evidently a subject of great importance. 

For the melting of ores and metals, the comparative values of 
different kinds of coals cannot be so easily defined as in either water 
evaporation or gas-making. Although the strength and other quali- 
ties of iron and steet which determine their value vary greatly, the 
chemical differences which produce these qualities are minute, and 
depend to a considerable extent on the qualities of the fuel with 
which the metals are brought into contact. Coal has usually to be coked 
before it can be used with advantage in a blast furnace or foundry 
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cupola, and its suitability for this process, as well as its calorific or 
melting power, goes far to determine its value. All coal and coke 
contain sulphur, and for most metallurgic processes the degree of 
purity in this respect is of great importance. The suitability of the 
coal depends also on the exact nature of the melting process, the 
kind of furnace, and the strength of the blast. 

For the production of illuminating gas, the calorific power of coal 
is not of primary consequence ; the volatile matter contained by the 
coal, and which is given out in a profitable form as gas, being the 
measure of value. English coals yield from 7,000 to 14,000 feet of 
gas per ton, and have a value for gas-making accordingly, although 
of course the purity and illuminating power, and the amount of the 
residual coke, are also to be taken into account 

It is not possible to classify exactly the different kinds of coal, nor 
indeed can it be positively determined what minerals may be included 
in the generic appellation coal. The various kinds found in the 
United Kingdom may, however, be broadly divided into Bituminous, 
Anthracite, and Cannel, though it would be more correct to call many 
of the kinds semi-bituminous or semi-anthracite. Bituminous coal, 
which is the most abundant in Great Britain, and which may for the 
present purpose be said to include all coal not in the other two 
classes, is found in almost all the coal districts, and although it varies 
very much, it is used for all the purposes named above. * It is from 
a particular kind of bituminous coal, only found in a few districts, 
that most of the coke used in iron-smelting is made. 

Anthracite coal is smokeless, and is useful for special purposes, but 
such anthracite coal as is found in the United States is not by 
English users considered so suitable as English coal for any of the 
purposes enumerated on page 119. But in America it is used as 
fuel for smelting iron, for which purpose its hardness renders it 
suitable without coking. When used for other purposes, where there 
is no. blast, special arrangements for creating a strong draught are 
necessary, but when once well kindled it will, if the draught be 
regulated, give economical results. The smokelessness of anthra- 
cite coal and its freedom from dust are advantages which go far 
to compensate for drawbacks in other respects. Much of the 
steam coal of South Wales may be classed as semi-anthracite, and 
is particularly valuable for use in steam-boilers, as in proportion 
to its bulk or weight it will evaporate more water than any other 
kind. It has its highest value in steam-ships, where economy of 
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stowage space is important. As, however, it is slower of combustion 
than the more bituminous coal, and requires a strong draught, 
in some cases it is found expedient to mix it with the latter to 
assist combustion. Owing to the small quantity of sulphur in semi- 
anthracite coal, it is useful as fuel for making certain kinds of iron 
and steel, its hardness being no obstacle to its use where combustion 
is stimulated by the blast of a furnace. The Welsh anthracite is 
used also on river steamers in England because of its smokelessness, 
and is for the same reason used for boiler furnaces, bakers' ovens, 
and other purposes in large towns where there are* municipal regula- 
tions against smoke. Its freedom from sulphur causes it to be used 
as the best fuel in malt-kilns. On the other hand, as it evolves, 
when carbonized, but little volatile matter, it has hardly any value 
compared with other English coal for gas-making. 

Cannel coal, well known by its hard smooth texture, and best ob- 
tained in the districts of Wigan and Newcastle, and the Boghead coal 
of similar kind found in some parts of Scotland, have their highest 
value for gas-making, as they will give out gas about 20 per cent 
more in quantity than that from bituminous coal, and of higher 
illuminating power. 

Patent fuel^ which is made principally at coal-shipping ports, is 
composed of the small slack and dust which are screened from the 
larger coal, compressed with some bituminous compound by hydraulic 
power into rectangular blocks. This coal generally sells for about 
one shilling per ton more than the ordinary coal, and it has the 
advantage of stowing compactly, and of being easily handled. In 
England its use is confined almost entirely to steam-ships, and, if 
compared with ordinary coal for such purposes, it is generally con- 
sidered slightly inferior to coal from the same mine, the convenience 
in stowage being its chief recommendation. Engineers, however, are 
not agreed on this subject Patent fuel is largely used in the loco- 
motives of French and Belgian railways; and on a few of the American 
railways, patent fuel made from the dust of anthracite coal is used. 

Coal is exported in large quantities from England to Continental 
countries for almost all the purposes — smelting, gas- making, steam- 
generating — to which such fuel is applied, and no English export duty 
nor legislative restriction of any kind hinders the foreign purchaser 
who finds he can buy in England to advantage ; and many of the 
foreign countries which impose high duties on English manufactures, 
admit coal almost entirely free of duty as an essential aid to their own 
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industries. It is not the mere abundance of coal in England which 
renders it so cheap for use abroad, but its contiguity to the sea-board 
and the unrivalled facilities for shipment and cheap sea-carriage 
which are available. Thus, it is cheaper to purchase English coal 
and carry it across the ocean to South America for use there in 
steamers and for gas-making, than to dig it from the Brazilian mines, 
and carry it one-hundredth part of the distance along bad roads. So, 
also, large quantities of English coal are taken annually to India, for 
use there on the railways and steam-ships ; for although coal abounds 
in India, and may In some districts even be bought at low prices with 
moderate rates for carriage, yet it is often dearer than imported coal 
when measured by quality as well as by price. 

The principal coal-shipping ports in Great Britain are Newcastle- 
on-Tyne, which is so near to the famous NcMthumberland collieries 
that much of the coal is put directly on board the ships from the 
colliery wagons, with but trifling cost of railway transit ; Sunderland, 
at the mouth of the Wear, and Hartlepool, which are equally well 
situated for the Durham coal-fields and the famous Durham coke ; 
the Bristol Channel ports of Cardiff, Swansea, Llanelly, and Newport, 
where the steam coal of South Wales is shipped, and where the pits 
are situated within three to twenty miles of the sea; Liverpool, where 
Lancashire and Yorkshire coal is sent for export ; Birkenhead (in- 
cluded in the port of Liverpool), to which the railwa3rs from the 
Cheshire and North Wales collieries converge ; Hull and Grimsby, 
the principal ports from which the steam coal known as South York- 
shire and the Bamsley thick-seam is despatched ; Goole, where also 
much Yorkshire coal is shipped; Glasgow, Greenock, Leith, and 
Granton, the chief ports for the Glasgow hard splint coal; and 
Boness on the Forth, where the mines of cannel coal are actually by 
and under the sea. 

The total export from Great Britain during the year 1878 reached 
i5i million tons, of which, approximately, the following proportions, 
were shipped from the above districts : — 
4 million tons from the Tyne. 
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The above quantities are exclusive of the coal and patent fuel taken 
in the bunkers of foreign-going steamers for use during the voyage, 
and also of coal carried coastwise. 

At the principal coal-shipping ports the facilities for loading vessels 
are very complete, as, by means of well-arranged docks, raUways, 
inclined planes, hoists, cranes, and shoots, the ships are not only loaded 
expeditiously and cheaply, but with the minimum damage to the coaL 
Coal is necessarily broken during the process of shipment, but great 
ingenuity has been exercised to prevent it Instead of allowing the 
coal to fall from the shoots a considerable distance to the hold, the 
shoots are in some cases adjusted to allow of a moderate fall at all 
levels of the tide or cargo ; and in others the coal is lowered in 
boxes or wagons, which are emptied only when they reach the 
accumulating heap of coal in the hold. If all the elements of expense, 
including that of demurrage on vessels lying idle, be taken into 
account, it will be found that the cost of shipment is represented by 
pence per ton, where formerly shillings were expended. 

Coal broken in shipment is not only rendered less valuable, but 
becomes specially liable to spontaneous combustion and gas explo- 
sion during the voyage. The large number of coal-laden vessels lost 
annually from this cause has had the effect of raising the rates of 
insibiance, and even of disinclining some shipowners from coal cargoes 
altogether. Much stress has been laid upon the importance of venti- 
lating the cargo, and to the neglect of this precaution most of the 
losses have been attributed. But by careful and exhaustive inquiry 
it has been ascertained that by ventilating the mass of the cargo, com- 
bustion is promoted, as the air so admitted makes the gases more 
inflammable. The precautions really necessary for the safety of coal 
cargoes are : 

1. The avoiding of certain descriptions of coal, which are intrin- 
sically dangerous for long voyages. 

2. The prevention of breakage in the passage of the coal from the 
pit to the ship's hold. 

3. Care in avoiding the shipment while in a wet condition of 
coals containing a large quantity of pyrites (all coal contains more or 
less.) 

4. The ventilation of the surface of the coal in the hold so as to 
allow the escape of gas, while avoiding the admittance of atmospheric 
air to the mass of the coal. 

Where the expense of carriage from the collieries to the place of 
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Choice of coal consumption differs very much for different kinds of coal, it is not 

depends on 

locality. always advantageous to buy the better kinds ; and at each place, 

according to its locality and the cost of carriage from the various 
collieries, must the choice be made. Economy is sought sometimes 
Cheapness 'sought by mixing different kinds of coal together. Thus at gas-works, in the 
ir^ Gas-works vicinity of which bitumiuous coal is obtained, the engineer will use 
Instances. cannel sparingly, and will probably arrive by experience at a com- 
bination of the two kinds, which, as regards the outlay for coal and 
the quantity and quality of the gas, will give the most advantageous 
results. So also in steam -ships, if loading at Newcastle or South 
Wales, a mixture of different local kinds may be selected, or at a 
coaling station a mixture of Newcastle and Welsh coal may recom- 
mend itself as cheapest ; the question being determined by the 
suitability of the furnaces for particular kinds, the importance of 
maintaining high speed, and other circumstances. But for use in a 
Choice for export, foreign country, far from any source of supply, it may be stated as an 
The best is almost invariable rule that the best coal of its kind should be im- 
ported. The freight and charges may amount to two or three times 
Freight and the first price of the coal, and it is obviously advantageous under 
to all. such circumstances to purchase only the best. Coal, which will evapo- 

rate lo per cent, more water than another kind, or which will 
produce lo per cent, more gas, will have found in England its leVel 
in price and be lo per cent, dearer. If this ib per cent represents 
at the port of shipment is. per ton difference in price and the cost 
of freight is double the price of the coal, this superiority which has 
been purchased for is. is at the port of arrival equal to 3s. per ton. 
Screening of coal. For the same reasons the coal should be shipped in the best order, 

and in addition to the usual screening at the colliery, which is con- 
sidered necessary for home consumption, a small extra price is some- 
times paid at Welsh ports (though hardly ever on the Tyne) for a 
D oubie screening, second Screening at the place of shipment. But, though this extra 

screening may be of advantage to coal shipped as merchandize and 

to be discharged and stored for re-sale, the expense is of doubtful 

Where expedient, expediency for coal to be consumed on board, and especially if the 

coal be hard. 
Suitability of coal In Selecting coal for use abroad, not only its quality for the ultimate 
*°and*8toring.^* purposc has to be considered, but its fitness for sea-carriage, the 

stowage-space it will occupy, and its suitability for storing. Some 
Friable coal. coal is softer or more friable than others ; and the loading, the roll- 
ing of the ship, and the discharging at the port of arrival together. 
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break it up and reduce its value. And, as coals differ considerably 
in the stowage-space they occupy, a ship of certain capacity will take 
more of one kind than another, the differences between various kinds 
being — in proportion to their weight — as much as 20 per cent. 
Some of the Welsh coals occupy only 38 cubic feet to the ton, but 
shippers generally reckon that a space of from 42 to 45 cubic feet is 
occupied by each ton of coals, and it is not till a ton can be stowed 
into 40 cubic feet that the ship's space is most profitably occupied. 
Shipowners naturally prefer the heavier coals, which, when all the 
space is occupied, will have brought the vessel down to its proper 
water-line and afford the greatest freight remuneration. Gas coals 
are, as a rule, heavier than steam coals. Coal is liable to a loss of 
effective power by voyaging and by storage in hot climates ; and as 
the deterioration varies with the kind of coal, it is important to take 
this also into account. For instance, the Welsh steam coal, which 
may be best for immediate use on board a steamer, will lose more of 
its calorific power by storage in a hot climate than will bituminous 
coal, and therefore the supplies sent to certain coaling-stations are 
of^en selected from the more bituminous of the Welsh coals, which 
are not of the highest value at the port of shipment. 

Where the place of consumption is far from the source of supply, 
it is expedient to keep a sufficient stock in advance as a safeguard 
against possible delays in the arrival of a fresh supply. This course 
is especially necessary where no other fuel can be obtained to supply 
a temporary want ; therefore, at important steamship-coaling-stations 
and at foreign gas-works, coal is generaUy stored in large quantities ; 
and at most foreign ports and coaling stations, there are merchants 
who keep a stock of coal to sell to all comers. 

As coal is constandy fluctuating in price, and occasionally is sub- 
ject to great variations, the trade, for those who are obliged to buy 
in advance, is somewhat speculative ; but apart from such fluctuations, 
and equally important to the consumer abroad, are the variations in 
the cost of sea-carriage. Some of the causes which determine freight 
have been already alluded to, and the purchaser of coal for export 
has to watch these closely. The naval authorities, steamship owners, 
foreign railway and gas companies, and others abroad who require 
English coal, make bargains for several months or sometimes even 
years in advance ; and both in regard to the price at the port of ship- 
ment and the cost of freight, the purchaser, the coal proprietor, and 
the ship-owner alike have to estimate the probable prices during the 
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period, and in the tenns of their bargain discount the iiiture accord- 
ingly. But there are constantly occorring opportunities of shipping 
Speculative coal profitably. As at those foreign ports to which English ships are 
^^ sent coal is always a saleable commodity, it is a common practice 

among ship-owners, ship-brokers, or merchants, when there is a lack 
of more profitable cargo, to fill up the vacant space in the hold with 
coal, in the certainty that, whatever the ciurent price of coal at the 
port of discharge may be, some profit or freight remuneration will 
remain beyond the cost of the coal in England, which will be better 

Small quantities than having taken ballast Small quantities of from 20 to 100 tons 

are often taken in this way ; but in such cases finable coal, such as 
was referred to on page 124, should be specially avoided, as with 
other cargo placed above, it is specially likely to arrive at its des- 
tination broken and ground to pieces. Indeed the liability to damage 
Part cargoes fetch in shipment, transit, and unloading are so great that part cargoes of 

on y ow p ce». ^^ always fetch a less price per ton at the port of arrival than entire 

cargoes of coal. Often, also, when there is a likelihood of profitable 
homeward cargoes, merchants, in the absence ot any special demand 
for other commodities, will send out as a venture a ship laden with 
coal ; and the agents in England of coal users abroad are generally 
empowered to charter such ships whenever the total price — cost, 
freight^ and insurance — can be brought below a certain agreed sum. 
Cost of coal In establishing a line of steam-ships or a gas-works, or in conduct- 

mportant in many . ^ • • r • a t_ • ■l • i ^ 

undertakings, lug any enterprise m a foreign country which mvolves great con- 
sumption of coal, the certainty of a supply at a cost which may be 
approximately estimated beforehand, is a question of the first im- 
portance. When English coal is required, and the port of arrival is 

coai-ahip charters, well frequented, the local conditions which may affect the freight or 

terms of chartering are sure to be known by those concerned in 
England ; but if the port is a new one, or only suitable for certain 
kinds of vessels, full particulars concerning harbour accommodadon, 

how determined, dues, facilities for discharge, and chance of return caigo, are necessary 

to allow of a vessel being chartered in England on favourable terms. 

^^^andvaiue***^*** Coals havc been occasionally, in Newcasde and neighbouring ports, 

sold by the ''keel" of 424 cwt, but are now (1880) sold there as else- 
where, by the ton of 2,240 lbs. ; and the seller is by the custom of the 
trade supposed to give slightly in excess, so as to cover errors in 
weighing. In the United States the ton of 2,000 lbs. is usually adopted. 

Weighing: of coal. The coal is. rarely weighed at the port of discharge (the tonnage and 

draught of the vessel giving a near indication of the weight), the buyer 
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generally agreeing to take the bill-of-lading quantity as correct with- 
out weighing, subject sometimes to a deduction to cover mistakes. 
The amount to be deducted is a matter of bargain, 2 per cent, being 
a usual allowance. In other cases, captains will not sign bills^f- 
lading for precise quantities which they have not been able to verify, 
but will only sign for '' quantity unknown, all in the ship to be de- 
livered." Coal is often taken improperly from the cargo during the 
voyage for use in cooking or for other purposes, and a store is even 
put by for the return voyage. It is, therefore, generally stipulated 
that the captain shaU buy a certain quantity of the cargo at an agreed 
price, or that the ship shall carry a specified quantity for her own 
consumption stowed apart from the general cargo, and in the case of 
steamers, a spiecial agreement is made concerning the bunker coaL 

When coal is to be purchased in England for use in a foreign 
country, all the circumstances of the case should be commimicated 
to those who have to choose the coaL If for generating steam, a 
description of the boiler, furnaces, fire-bars, and flues ; if for gas, 
the kind and size of retorts, methods of purification adopted, the 
quantity of gas required from a specified number of retorts in a given 
time, and the conditions in regard to illuminating power and purity 
which are imposed j if for smelting ore* or melting metals, an analysis 
of the ore or metal should be furnished, with a description of the 
fiimace and the blast ; if for puddling, steel- making, or other metal- 
lurgical operations, the nature of the material to be treated, the kind 
of apparatus, the process, and the results desired should be given. 
Whatever the use to which the coal is to be applied, it is important 
to have a description, with prices, of any local fuel available, so that 
not only may the expediency of mixing the local and imported coal 
be considered, and the selection of the latter be modified to suit 
such a combination, but also that the total outlay for purchase, 
carriage, and insurance may be set against the cost of local fuel, and 
a comparative measure of value arrived at 
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Coke was first introduced as a substitute for charcoal in the smelt- 
ing of iron, for which purpose most English coal is unsuitable, 
because it swells and cakes together, prevents the regular descent of 
the ore, and does not allow the firee passage of the blast. These con- 
ditions apply particularly to the rich bituminous coals which, when 
coked, are the best for smelting ; and the superiority of coke to coal 
justifies the expense of the intermediary process of making it 
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Coke is of various kinds, and there are numerous methods of 
making it ; but it may be broadly divided into two classes, />., coke 
made at gas-works, where it is the residuum of coal after the main 
object of extracting illuminating gas has been accomplished; and cc^ce 
made directly for its own sake. In the first case, the coal is generally 
selected for the quantity and quality of illuminating gas which can be 
obtained : the process of coking is also directed towards these 
results ; and the coke is less in quantity and value than that produced 
from coal selected purposely for coke-making. For extracting gas^ 
coal is placed in closed retorts, to which heat is applied outside ; and 
the residual coke is light and quite unsuitable for the smelting of iron- 
stone or the re-melting of iron in the foundry, for it is not strong 
enough to bear without crumbling either the burden in the furnace 
or the intense blast by which the fire is stimulated. Such coke is 
used as fuel for open smithy fires, for the heating of buildings, often 
also for domestic purposes, and is largely consumed in towns and 
places where smoke is prohibited. In London enormous quantities 
of coke are made at the various gas-works in and about the metro- 
polis, and more than half of it is used in the manufactiure of Portland 
cement The value of gas-coke is determined by that of other fuel 
in the locality, with which it has often a forced competition, and in 
districts where coal is cheap, it has even happened that the coke has 
been disposed of only by giving part of it gratis to whoever would 
fetch it from the gas-works. 

The exigencies of smelting, and the scientific precision with which 
all the operations in iron and steel - making are conducted, have 
elucidated the qualities which are necessary ; not only strength and 
combustibility being important qualities, but freedom from impurities, 
particularly sulphur, which has an ill effect upon the metal brought 
in contact with it It is usual for certain purposes to improve coke 
by crushing it and — if the coke be of inferior quality in this respect 
— washing it with water, the latter process ridding it of much of the 
sulphur it possesses. In coal suited for the production of coke a com- 
bination of qualities is needed not often met with, and in the United 
Kingdom such coal is obtained only in the Durham districts, where 
much of the rich bituminous coal affords good coke, and in a certain 
limited part of the South Wales district, where a peculiar bituminous 
anthracite is found. Coke is made in other coal and iron districts, 
but though occasionally used for smelting where, because of long 
carriage, the better coke is expensive, its use is as far as possible 
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confined to metallurgic processes other than melting, and not re- 
quiring a strong blast. 

The various qualities of coke are mainly exhibited in difference of 
density, colour, and combustibility. According to the kind of coal 
and manner of coking, the quantity, by weight, of coke produced 
ranges from 60 to 80 per cent of the coal treated. As an average, 
it may be stated that coal when coked loses one-fourth in weight and 
gains one-fourth in bulk. These proportions do not apply to gas 
coke made from cannel, which is much lighter. 

From X to li tons of coke are consumed in the production of 
I ton of pig-iron from ore, and in a foundry cupola from 150 lbs. to 
350 lbs. of coke is necessary for re-melting i ton of pig-iron, the 
exact quantity being determined by the quality of the coke, that of 
the ore or iron, the nature of the blast, and the skill in the arrange- 
ment and management of the furnace or cupola. 

Coke was at one time largely used in the furnaces of locomotives, 
a^ it afforded a more concentrated heat than coal, and was much 
more easily managed. It has been found, however, that by suitable 
fire-boxes and by more continuous and careful stoking, coal, which is 
cheaper than coke, can be used with advantage, while the steam blast 
in the chimney destroys most of the black smoke which is caused 
by the use of coaL Many of the railways which established coking- 
ovens have abandoned them, and the quantity (1880) used in loco- 
motives is very small, as compared with coal. 

Coke is almost always sold by weight ; but as, owing to its extreme 
porosity, it will absorb much moisture, the quantity of water it may 
contain is an important consideration in determining its value when 
weighed. Coke is occasionally sold by measure of bulk, the chaldron 
of 36 bushels being the unit employed in England; from 13 to 14 
cwt. per chaldron being approximately the weight of good coke, the 
density or weight going far to determine the value of the coke as fuel 
for melting. Durham coke sells for about 16s. per ton, when the 
coal from which it is made costs 7s. ; but the price fluctuates with 
the briskness of the iron and the steel trades ; and in busy times 
prices are proportionately higher, and the profits of coke-burning 
greater. 

Considerable quantities of coke are exported to Spain, Russia, and 
other Continental ports for foundry use, and also for smelting ore ; 
for though smelting is seldom carried on with profit, except in coun- 
tries where coal is plentiful and coke can be produced near the 
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collieries or furnaces, coke is occasionally imported for the smelting 
of local ore in countries where the protective duties hinder the com- 
petition of iron made elsewhere under more natural and more favour- 
able conditions. The export of coke beyond Europe is very small, 
India and South America taking the most, for use in the melting of 
foundry-iron and for other purposes in engineering factories. The 
total shipments of coke only reached 274,000 tons in 1878, a veiy 
small quantity compared with that of coal. 

The sea freight of coke is charged by the ton of 20 cwt., but the 
rates are higher than for coal, because of the greater space occupied. 
But there is no fixed proportion between the weight of coal and coke 
occupying the same space; for coal varies much, and coke much 
more. The " keel "of coke used sometimes, though now (1880) very 
rarely, as a measure of freight on the Tyne, is by custom accepted as 
equal to 11 tons, while the keel of coal equals 21^ tons. 
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Pig4ron^ as the immediate product of the ore-smelting furnace, is 
iron in the first stage of manufacture, rolled or malleable iron being 
obtained by after processes. There are great differences in pig-iron, 
caused primarily by the quality of the ore, and then by the kind of 
fuel and the mode of smelting; and certain districts have, because of 
the ore and fuel there obtamable, and the methods of making, become 
associated with certain kinds of pig-iron. The principal difference in 
process is that between the cold-blast and the hot-blast iron. By the 
latter, much less coal, even allowing for that consumed in heating the 
blast, is required to jnelt the iron, and the melting is much quicker. 
Moreover, by the hot blast, more iron is obt^dned from the ore than 
is possible with the cdld blast Except for special purposes, such as 
the making of high-class malleable iron of the Lowmoor kind and for 
certain kinds of castings, the cold blast is seldom used, and probably 
not more than three per cent, of the blast furnaces in the United 
Kingdom are so worked, for the superiority over good hot blast-iron is 
too slight to justify the much greater cost of production. But although 
the hot blast is applied so skilfully as to have overcome prejudices 
which at first existed against it, and though high-quality pig-iron can 
be produced by it from suitable ore, the extreme power of the hot 
blast when applied to inferior ore, undoubtedly produces iron mingled 
with impurities which the cold blast would have left behind in the 
form of dross and slag. 

The best urons are made in Staffordshire, Derbyshire, South York- 
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shire, Lancashire, and Lanarkshire, while the greatest quantity is pro- 
duced in and around the Middlesborough or Cleveland district. The 
name of the district is not, however, so sure a guide to quality as for- Xx>cai quaiitiem 
merly, for the exhaustion of mines in some places, the opening out of 
new mines, the facilities for carriage from one to another, and the 
demand for low-priced castings, have entirely altered the traditional 
customs of the iron trade. In South Staffordshire, which formerly 
was the principal centre, many of the mines have been exhausted or Mines exhausted, 
so far worked out that the cost of getting the ore is too expensive, and 
inferior ores are brought from other counties to mix with the local Mixture of ores, 
sorts. In Scotland, also, although the reputation of particular kinds 
or brands has been generally maintained, the relative excellence of 
different brands varies from time to time. The constituent parts of iron varies though 

, «. « « . • • <- 1 t 1 brand remains. 

the ore are liable to variation as mmes are further explored or new 
mines become associated with existing brands ; and as, moreover, the 
management of the blast -furnaces is occasionally modified, such 
changes are accounted for. The greatest innovation in the Scotch Cleveland iron 
districts is the import thither of the cheaper Cleveland iron, this ™ * 
commerce having (1880) attained enormous proportions. On the 
other hand, Scotch, haematite, and other high-quality irons are im- 
ported into the Cleveland district to mix with the local iron when 
high tests are demanded. Large quantities of Spanish ore are im- 
ported into England for mixing with local ores in steel-making. 

The iron-making advantages in Clevelalnd are the abundance of the ^^*^fl\^^iS^^ 
ore, the nature of the deposit which cheapens the cost of getting, and 
the close contiguity of coal and limestone. These advantages were 
developed by the skilful application of the hot blast; but the trade 
could never have attained its subsequent proportions, had it not been 
also for the unequalled facilities for shipment; this combination being shipping facilities. 
more favourable than that of any other iron-making district in the 
world. Cleveland iron is generally sold at a much lower price than iron sold at low 

prices. 

that from other of the principal districts, and therefore commands 
a vast sale, notwithstanding its moderate quality ; this lower price 
being remunerative to the makers, because it is all applicable to the 
expenses of manufacture, without deduction for inland carriage. 

The best of the Scotch irons are distinguished by fineness of texture, Quaiitv of scotch 
the metal setting when cold into small crystals, which favour the 
casting in the foundry of thin and sharply-defined forms, difficult of produces fine 
attainment with the iron from other districts. Thin rain-water gut- ^** "**' 
ters, fire-ranges, and light ornamental castings are for these reasons 
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made with advantage in Scotland ; and Scotch pig-iron is sent to all 
parts of the island for mixmg with local kinds. Much skill has been 
exercised by the Scotch founders in making castings of the accus- 
tomed kind and form from the cheaper mixture of Cleveland with 
Scotch iron, but castings so made have not the quality which their 
appearance may indicate. Tenacity and toughness are the qualities 
most needed in cast-iron, but for a laige proportion of iron castings 
neither superior strength nor fineness is deemed of great importance 
by purchasers, because the size and thickness of the castings may be 
so far in excess of what would be necessary to resist (with a consider- 
able margin of safety) the strains which will come upon them, that 
the inferior quality is never detected or is considered of no conse- 
quence ; sometimes, also, secondary reasons are the cause. Archi- 
tectural oudine, the difficulty of casting large thin pieces, a thickness 
to allow for safety in carriage or for the wasting by rust are, rather 
than any precise strain to be borne, the circumstances which often 
guide the designer) who gives more thickness than would be necessary 
for the ultimate purpose if good quality iron were used. For cast- 
ings exposed only to compression, the strength in this respect of even 
the commonest pig-iron may be sufficient And even in such cast- 
ings as girders and long columns, exposed to transverse strains, archi- 
tects and engineers often consider it easier to allow ample form and 
thickness than to incur the trouble and expense of tests necessary 
to ensure a good quality. It is to this indifference, and to the measur- 
ing of cheapness by price alone, that the degradation of quality which 
has undoubtedly taken place in many kinds of English pig-iron during 
the twenty years ending 1 880 is mainly due. For the parts of engines or 
machinery, for pipes subject to high pressure, and for other uses where 
the iron is exposed to active and percussive strains, the higher qualities 
become of vital consequence. For purposes such as these, if there 
is any doubt of the quality, the tenacity or resistance to tension of 
the iron should be tested. From 5 to 14 tons per square inch of 
sectional area are the wide limits of strain which different kinds of 
cast-iron will endure. Resistance beyond 8 tons may be considered 
as exceptional, it being obtained by special methods for particular 
purposes, such as for guns. For the iron of commerce a tenacity of 
from 5 to 8 tons is usual, and some strain between 6 and 7 tons is 
often specified as a minimum, and up to a strain of 2^ tons, there 
should be no loss of elasticity, />., of the power of recovery to the 
original form when the strain is removed. A working strain of 2 tons 
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for iron of ordinary quality is safe for steady loads, but where the iron 
will be subjected to percussion, only one ton should be allowed. A 
method more often adopted by engineers for testing cast-iron, is to 
try it in the form of a girder or beam, from the centre of which is 
suspended a weight, the load which is borne before fracture denoting 
the tenacity and toughness. A solid bar of rectangular section ^ 
inches deep, i inch wide, and 3 feet 6 inches long, is generally em- 
ployed, a standard size being convenient for comparison. The bar is 
laid on bearings 3 feet apart and loaded in the middle till it breaks ; 
from 32 to 36 cwt. expressing the wide range of quality in British- 
made irons ; a strength beyond 33 cwt., though sometimes obtained, 
being outside the ordinary range of the irons of commerce. The 
lower load generally indicates that the iron has been made from 
one inferior ore, or that there has been a laige admixture of cinder 
iron, puddling-fiimace slag, or similar refuse, which by the aid of 
the hot blast can be converted into so-called iron. A breaking load 
of 35 cwt can be usually endured by bars made from ordinary 
pig-iron, and this quality is sufficient for thick columns, short stan- 
cheons, or similar castings exposed mostly to compression. A test 
load of 28 cwt. is often adopted by engineers, because while it 
ensures a superior quality it is not so high as to limit greatly the 
competition in the supply. There are few kinds of hot-blast pig- 
iron made from any one kind of ore, which when re-cast will endure 
28 cwt on the test bar, but by the judicious mixture of two or more 
kinds 30 cwt. may be attained ; and this load is often specified for 
high-pressure pipes or machinery castings. Even higher tests may be 
obtained, but are seldom demanded except for special purposes, as 
it generally costs more than the mere comparison by extra strength 
would justify. 

But while for a home trade, the cheapest pig-iron may find the 
readiest sale, the conditions are greatly altered when pig-iron is 
bought for export to distant countries. Cleveland pig-iron is exported 
in large quantities from England to the Continent for manufactiure into 
rolled iron and haematite pig-iron for steel-making, but Scotch iron is 
generally chosen for export for foundry purposes to countries beyond 
Europe. The choice of pig-iron for export is determined greatly 
by the contiguity of particular districts to the port of shipment, and 
it is because the cost of inland carriage bears a high proportion 
to the value of the iron and to the sea freight, that the products 
of the blast-furnaces in the Midland districts cannot. compete with 
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iron made on the sea-board. This limits greatly the export of pig- 
iron from Staflfordshire, Derbyshire, and South Yorkshire, and gives a 
corresponding advantage to the Cleveland and Scotch irons. As, 
however, the cost of freight, duty, and other cliarges in the importing 
comitry are assessed by weight, and as these expenses are in the 
aggregate great in proportion to the first cost of so cheap a com- 
modity as pig-iron, it is evidently undesirable to attempt a saving by 
choosing an inferior kind, unless — ^for the purpose in view — the 
quality is absolutely of no importance. Thus, while it would be 
wasteful to buy high-quality pig-iron for casting into cannon-balls or 
fire-bars, it is generaUy profitable to select a good quality for engi- 
neers' foundry purposes. Scotch pig-iron is frequently imported into 
foreign countries to mix with native iron of inferior quality, and also 
in many cases with scrap cast-iron. The quality of these local irons 
of course goes far to determine the kind of imported iron to be 
selected. The kind of castings to be made, the cost of freight, the duty, 
and how it is assessed, are also important incidents to be considered. 

Engineers and iron-founders who import pig-iron naturally acquire 
by experience a knowledge of their comparative values ; and those 
who are thus informed regularly specify the brands which they con- 
sider will suit them best. But for the reasons already stated, the 
quality of iron produced in any particular district is liable to variation, 
and a knowledge of these changes and the ability to take advantage 
of them, are niceties which pertain to those who confine themselves 
especially to this one branch of the iron trade. 

Pig-iron of special quality, such as the haematite ixona Cumberland, 
is exported for steel-making; and this metal is sometimes sent out 
in the form of ingot-moulds to steel works, because of its ultimate 
value as scrap-iron for remelting when it has served its first purpose. 

Complete cargoes of pig-iron are conveyed coastwise and to Con- 
tinental ports; and powerful, strongly-built steamers are specially 
constructed for carrying such dead-weight cargoes ; while for ocean 
voyages, sailing vessels are most often employed. But an entire 
cargo of pig-iron involves high rates of insurance, especially in winter 
seasons. Pig-iron is often utilized as weight or ballast caigo at the 
bottom of a vessel which is to carry lighter merchandise above, and 
small quantities of lo to 50 tons are often shipped to complete or 
adjust a miscellaneous cargo. A shipload composed of pig-iron at 
the bottom, and coal or coke above, is not uncommon, espedally in 
sailing vessels. 
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Pigs of iron weigh from 80 lbs. to 1 12 lbs. each, and, as preparatory 
to melting, or for convenience in inland carriage, can be broken by 
a sharp blow with a sledge hammer, a small steam-hammer being 
sometimes provided for the purpose where the quantity is laige and 
frequent For making into malleable cast-iron and other purposes 
where the melting is performed in crucibles, light pigs of from 20 lbs. 
to 60 lbs. are usual. 
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Rolled iron (called malleable iron in some districts) as used by 
engineers may be divided into the following classes : — Rails, plates, 
sheets, bars, L bars, T bars, channel ui bars, I joists, 1^ iron, bulb 
T iron, hoops ; numerous other special forms of iron being made for 
various purposes. The natural tendency of trades towards subdivision 
takes effect in the iron trade as elsewhere, and each of the classes 
enumerated above forms a specialty of manufacture separate from 
the other ; for although certain makers do at the same works roll 
bars and plates, or joists and L irons, yet, owing to various economical 
reasons, such as the contiguity of suitable materials, facilities for 
delivery to the consumer, and other circumstances, the great bulk of 
eadi class is made at those works where little else than one or two 
of the various classes are produced. 

The trade has imdergone great changes since i860, partly owing 
to alterations or improvements in the processes of manufacture, but 
mainly to the vast increase in the number of rolling-mills, and the 
new localities into which the trade has spread. The ironworks which 
liavebeen established in Grermany, France, and Belgium, not only 
produce what had formerly to be imported thither from England, but 
compete with England in supplying other countries. The trade- 
marks or brands of old-established makers in England still however 
maintain their reputation, and — ^by the protection they afford to 
purchasers^ especially to those abroad, who have found by experience 
what quality is associated with these brands — command a higher price 
than iron umnarked or with brands of less repute. This difference in 
price is, in effect, a bonus or a premium of insurance paid by the 
purchaser to avoid doubt as to what he is buying. But although a 
preference b still shown for the iron of particular makers, the localities 
having traditional reputation can no longer maintain as exclusively 
as formerly the monopoly they have had in the manufacture of iron, 
and the condition of qualit3r as ascertained by specific tests tends to 
put different makers on a .tevel. , Ternis such as '' Best,'' '' Best 
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Best," " Best Staffordshire,*' though they may convey a definition of 
quality to those immediately concerned, and in regard to the iron 
supplied by well-known makers, are not accepted as sufficient by 
purchasers generaUy. 

Another condition of the trade in rolled iron, which is becoming 
gradually altered, is that of '' extras.'' The current rates for rolled 
iron are based on certain accustomed conditions as to shape, dimen- 
sions, and weight of each piece. If anything outside or different from 
these conditions is required by the purchaser, extra prices are charged, 
which in some cases bear a high proportion to the nominal cost of 
the iron, and indeed in some instances the profit of the maker lies 
in these '' extras." Makers have each their own rules, and there is a 
general uniformity throughout each district, though the rules in the 
different districts such as ''Staffordshire" or ''North Country" do not 
exactly coincide. As improved or more powerful machinery is estab- 
lished, the limits within which the ordinary current prices prevail are 
extended, and in several instances Continental makers have led the 
way in such concessions. The rules which apply in regard to extras 
are approximately stated on pages 143 to 1 50 against each kind of iron, 
but these rules are subject to variation in special cases, for although 
price-lists are printed and rules established for extras, an ironmaster 
will not always offer such low rates in a price-current or in answer to 
a general inquiry, as he will when he has presented to him a specifi- 
cation containing the sizes, quantities, and quality of iron actually 
required, with the periods and conditions of delivery and payment 
He is then able to judge how far such an order will suit him at the 
particular time ; and if it is suitable, or if it be a large order, or if his 
works are not well employed, then in many cases he will relax the 
ordinary rules, and offer prices more favourable to the purchaser than 
the mere current price and the nominal regulations as to extras would 
afford. It is the function of the iron merchant or factor to act upon 
these circumstances, and where a miscellaneous list of plates, bars, or 
other kinds of iron is presented by a purchaser, to divide it, and to 
obtain each kind from the manufacturer best able to supply it. An 
acquaintance with the capacity of different rolling-mills and with the 
special facilities of each for making laige, long, small, or heavy pieces, 
often enables the factor to supply a purchaser more favourably than 
can any one manufacturer. 

The tests of rolled iron are generally ^directed towards ascertain- 
ing tenacity, toughness, and elasticity. The tenacity or power of 
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resistance against tension is in England and the United States 
expressed in tons per square inch of sectional area of the piece 
operated on (on the Continent in kilogrammes per millimetre), and 
the different qualities of iron rolled in England have a minimum 
strength of 17 tons (26*7 kilogrammes per millimetre) and a maximum 
of 28 tons per square inch (44 kilogrammes per millimetre). The 
elastic limit of the iron is, however, that which determines its value 
for most purposes, as after the strain on iron passes beyond this 
point, permanent distortion and rapid extension takes place. The 
limit of elasticity^ as it is called, is that amount of strain which the 
iron will undergo and still return to its original length when the 
strain is withdrawn ; and this limit varies from 30 to 50 per cent, of 
the breaking strain. Thus, an iron bar which will withstand 22 tons 
per square inch before fracture, will, if it be of good quality, return 
to its original length after a strain of 10 or 11 tons has been imposed. 
After this limit of elasticity has been reached, what is called /^/ma/i^fr/ 
set commences, and the iron does not return. The ductility of the 
iron is shown by its elongation under tension, and in a piece of iron 
pulled asunder this elongation varies from \ in. to 2\ in. per foot For 
ordinary structural purposes from f to i in. elongation per foot denotes 
a suitable quality, but from iron piled, hammered, and rolled from good 
scrap-iron, or otherwise specially prepared, il ia or more is obtainable. 
A greater ductility is not desirable for most purposes, and engineers 
generally prefer moderate ductility only, if they are assured that the 
iron is tough and elastic enough to withstand sudden or percussive 
strains without fracture. There are other methods of ascertaining 
the quality of the iron, the choice of test being determined by the 
purpose for which the iron is to be used. Thus for boilers, the 
toughness of the iron to endure bending and the freedom from flaws 
which exposure to heat would magnify, are the measure of value. 
A blacksmith will by breaking or bending iron soon ascertain whether 
it is suitable for his purpose, tests of this kind being sometimes speci- 
fied either exclusively or in addition to tensile strains. The process 
of making horse-shoes is generally considered a fair test of quality, 
the bending, shearing, fullering (cutting close to the side), punching 
of nail-holes, and other manipulation of the iron revealing any hidden 
seams or cracks: the same result occurring in the numerous engineer- 
ing forgings, where flanging, bending, and side cutting are necessaiy. 
It may be said that a tensile test unaccompanied by other conditions 
is misleading, as extreme strength in this respect may be obtained 
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from brittle iron having a low elastic limit Some engineers prefer to 
measure the ductility of rolled iron by the reduction of sectional area 
which the stretching causes at the place of fiacture, and from 5 to 20 
per cent, is the reduction from the original area which the different 
forms of iron rolled for structural purposes exhibit In England, for 
the highest quality of structural ironwork, the following tests are 
specified ; but in most cases, the test specified for L i^^ i^ ^^OQ" 
sidered sufficient for the bar-iron also. 



Tests nsusi in 

EngUind for 

structursl iron. 

Set Bhidcbs in 
Part I, 



Tension. 
Tons per sq. in. Kilos, per sq. in.m. 

Bar-iron 24 37*7 

Angle-iron 22 • 34'^ 

Plates (along the fibre) 21 33 

Plates (across the fibre) 18 28*3 ... 



Reduction of area at 
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... 20 per cent 
15 i» 

5 » 
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There are some defects inrolled iron which are obvious on inspection : 
thus, cracks or seams may appear where the iron laminates, showing 
that, in the process of hammering and rolling, the various pieces in 
the original pile have not been properly welded, and that dirt or 
scale remains in the interstices. Black lines, which betoken seams 
in the iron, though unsuitable for polished work, or for the journals 
of shafting, are not necessarily a sign of bad quality, as strong, tough 
iron, if made from scrap, is liable to such appearances. Iron which 
looks dean and sound when cold, may reveal flaws and cracks when 
heated and twisted on .the anvil. Some iron (often owing to the 
sulphur it contains) is '' red-short," that is to say, it will not work 
well when hot, although when cold it may have a tough fibre. Cold- 
short iron (generally containing phosphorus) is brittle when cold, and 
tiioi^ it may be worked successfully when hot by a skilfiil smilii, it 
is useless for most engineering purposes. 

It is not expedient, for reasons already adduced, to export iron of 

low quality ; but except in special cases, such as when the cost of 

carriage, import duty, or other charges bears a high proportion to the 

purchase- money, and where, therefore, it is very important that the 

Choice of quality, weight shall be as low as possible, it is not economical to demand a 

quality higher than is customary among makers of repute. If specially 
high qualities or exceptional guarantees are insisted on, the number 
of manufacturers who can and will compete is reduced, and the extra 
cost is more than proportionate to the advantage gained. In the 
case of wrought-iron for structures, such as bridges and roofs, it may 
be said broadly that if tests more rigorous than those tabulated above 



Export of iron. 



Very high tests 
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be demanded, an extra price has to be paid, far greater than the extra 
advantage gamed ; but if only a higher breaking test be required, it 
can be satisfied at the expense of toughness ; for, as just stated, by 
suitable material and methods of manufacture, a strong iron with a 
low elasticity may be produced as cheaply as iron of more moderate 
tensile strength having sufficient toughness. A skilful iron-maker 
can, if informed of the purpose for which the iron is required and 
the after treatment it is to bear, produce in many cases, even with- 
out extra cost, the quality which will meet these circumstances. 

The relative cost and selling price of different kinds of rolled iron 
are determined by various circumstances. Where the demand for 
any one kind is very great, certain economies are obtainable, as a 
wholesale trade is always more cheaply managed than a retail trade. 
Rails are an obvious instance of this, and so long as thousands of 
rails precisely alike are ordered at one time, every incident in the 
manufacture can be arranged in the most economical manner. 

Some forms of iron demand a higher quality of raw material or 
more elaborate or expensive working than others. This is the case 
often with large thin sections. In other cases, although more trouble 
may have been bestowed on the working, the shape or thickness may not 
be favourable to good results. Thus, T bars, while about jQi per ton 
dearer than L ^^^^7 sure not — the original material being equal^-of 
such good quality, because the method of rolling T bars to give them 
their peculiar shape, is not so uniform or effective as in die case of L 
bars. The hammering and roUing necessary for plates is more ex- 
pensive than the same process for ordinary bars, and the plates will 
not endure such high strains ; and as also there is some waste in 
shearing the edges of the plates to a clean and regular edge, they cost 
about £1 per ton more than the bars. 

The larger proportion of rolled iron used by engineers is made to 
order for each particular case, and except for miscellaneous smithing 
purposes, it is seldom kept in stock, either by the maker of the iron 
or the user. The more usual sizes and sections of iron are kept in stock 
to some extent by makers and merchants, but as the length of bars, and 
the length and width of plates vary according to the required purpose, 
it is almost always necessary that the bars and plates taken from the 
stock must be cut to the desired sizes, this involving a waste very con- 
siderable in the case of large structures, and the cost of which has to 
be borne by the purchaser. Those therefore who order bridges, ships, 
or large boilers, should understand that they must give sufficient 
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time for the iron to be rolled or else pay higher prices to cover 
the cost of buying ready-made iron. To this usage there are excep- 
tions. Manufacturers of tanks, boilers, or structures made con- 
stantly to similar sizes and designs, can keep rolled iron in store 
without loss. Bar-iron of all sizes necessary for smiths' work may be 
safely stored, because in any case bars have to be cut, and no extra 
waste is involved. Rolled joists are also stored by iron merchants, 
because there are certain sizes that are in constant demand by archi- 
tects and builders. But even in this case, joists have often to be cut 
to length, and the purchaser has to pay not only for the cutting, but 
for the pieces cut off to waste. When, therefore, any more than a small 
quantity of joists is required, it is usual to send a special order to the 
rolling-mill, so that the proper sizes and lengths can be made without 
waste and without extra cost for cutting. 

Where the quantity required of any one kind of rolled iron is small, 
there is sometimes more time and trouble expended in obtaining it 
than for a much larger quantity, because it is not always convenient 
at a rolling-mill to put the rolls of suitable patterns into operation. 
For the same reason it is desirable in making a design, to avoid ex- 
ceptional or peculiar shapes, or even numerous sizes of iron. All 
the usual sizes of round, square, or flat iron can be easily procured, 
but engineers who are furnished with the pattern-books of iron mer- 
chants or makers are too apt to consider that all the sizes or shapes 
in the book are equally obtainable, and in quantities however small. 
But unless the pattern-book be quite new, probably some of the 
shapes shown are obsolete or the rolls worn out In other cases, the 
rolls for the exact pattern specified may exist at only one roUing-milU 
and the purchaser may have no option but to agree to the price and 
the period of execution demanded. An engineer in an iron-making 
country, can, as occasion arises, modify his design, or allow some 
latitude in regard to exact shape and size, so as to meet these 
difficulties \ and an engineer or purchaser in an importing country 
should also allow some latitude in regard to possibly necessary modi- 
fications. Sometime^ an engineer, in his endeavour to make his 
design as perfect or symmetrical as possible, will adopt sections of 
iron varying by fine gradations in different parts of a structure, or will 
have shapes exactly appropriate to the purpose in view. Moreover, 
to add to the difficulty, the quantity required of each kind may be 
very small In such a case, unless some reasonable departure from 
the exact detail be permitted, much additional cost and very greatly 
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extended time in execution will be incurred. If, however, the 
quantity required of any sort of rolled iron be large, any existing 
section may be chosen, as makers will be glad to put in operation the 
necessary rolls, and even to provide new rolls which can be made 
or adapted at a cost of from £^20 to ;^roo. In any case it is eco- 
nomical to adopt usual sizes of iron, and to avoid smaU fractional 
dimensions ; plates within the limit of size described on page 143 so as 
to avoid extras ; L o^ T bars of even figures, such dimensions as 3 x 3, 

3 ^ 49 3i + 3ii being preferable to irregular or unequal sizes, such as 

4 X Z\y ^^<1 3 ^ 2f . On the other hand, when the exigencies of 
design demand it, it is well to take advantage of the patterns that exist, 
and the preceding remarks are only directed towards a prevention of« 
unnecessary expenditure where small quantities are required, and no 
exact adherence to precise dimensions is really necessary. 

The different classes of iron enumerated on page 135 may be 
described as' follows. 

RailSy as forming a larger tonnage than any other kind of rolled 
iron, might, up to the year 1875, have been placed first in order of 
importance. In South Wales and the Cleveland district, nine-tenths or 
more of all the iron rails made in Great Britain have been rolled. It is 
needless to make any comparison of quality between these two districts, 
for the standard demanded by engineers has to be satisfied by each 
alike ; and although the natiure of the pig-iron and coal and some of 
the details of manufacture differ, the finished rail can be made in either 
locality as required. The manu&cture of rails is a staple industry 
in Belgium, France, and Germany, and a considerable proportion in 
these countries is made from English pig-iron, but everywhere the 
introduction of steel rails has reduced the importance of this branch 
of the iron trade. Rails are fully described in another chapter. 

Plates are generally classified as for boilers, tanks, bridges, and 
ships, and their quality may be broadly placed in the same order. 
First in quality come the celebrated Yorkshire plates made at Low- 
moor, Bowling, Famley, and other works in the locality, and these 
stand apart from all other kinds. The high quality of these plates is 
obtained partly by the use of special material (cold-blast pig-iron for 
instance), but mainly by the elaboration and care in the manufacture. 
The iron is so carefiilly selected and thoroughly worked that all im- 
purities are eliminated, and the plates when rolled are practically 
homogeneous, showing no signs of imperfect lamination. These 
plates are used for the fire-boxes of boilers, where the intense hea^ 
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would soon destroy inferior iron, for the entire substance of small 
boilers bent to sharp curves or subject to high pressure, and generally 
for places where iron has to be flanged, bent, pressed, or twisted in a 

Wiu endure severe manner which Only the best iron can safely withstand. The tensile 

strength of these special irons ranges from 24 to 28 tons per square 
inch. There are many purposes for which rolled iron is needed, in 
which a high price for the material is of little importance compared 
with the ultimate cost of the manu£su:tured article and the object in 
view. Amongst the varied engineering manufactures, the demand 
for these special irons is constant, and their high quality and the re- 
putation of the makers have been maintained for many years. But, 
•while for certain situations such iron is suitable, it is not expedient to 
use it generally for structural purposes, or for any situation where the 
high price is out of proportion to the advantage gained. Thus, for a 
bridge, it is evidently not economy to pay a double price for iron, 
which for the purpose in view, possesses qualities — ^tensile strength and 

Price of Yorkshire elasticity— Only 15 or 20 per cent, above the iron generally used. The 

price of these high-quality plates is generally double, or more than 
double, that of ordinary boiler plates. For certain purposes, such as 
for the wrought-iron domes of locomotives, for superior tin*plates, 
and for conversion into crucible steel, iron made with charcoal 
fuel is preferred to the special brands just described. The freedom 
from sulphur which the use of charcoal ensures, and the method 
of manufacture, ensures a peculiar softness and homogeneity otherwise 
unattainable. There are very few ironworks in England where such 
iron is made, and Sweden is the chief seat of manufacture, the abund- 
ance of timber and iron ore^and the absence of coal having led 
naturally to the establishment of such a trade. Charcoal has become 
much scarcer than formerly, and large quantities of coal are imported 
into Sweden from England, and some of the so-called charcoal-iron 
is wholly or partially made with coal fuel. 

After the high-quality Yorkshire and charcoal plates, boiler-plates 
come first among ordinary irons, and while equal to a breaking strain 
of about 22 tons, approach nearer to the special irons described 
above than do plates rolled for other purposes. According to the 
care bestowed upon them in manufacture they will withstand the 
constantly fluctuating strains caused by alterations of temperature, and 
may be bent to the curve of a cylindrical boiler and punched without 
damage. The plates used in bridges, girders, and similar structures 
should be of a quality good enough to endure without damage the 
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punching, shearing, and other treatment necessary in manutacture. 
and to withstand without rupture a sufficient strain. The tensile TensUe atrength. 
strength of bridge plates usual in England is from 18 to 21 tons per 
square inch, and a ductility which gives from 8 to 10 per cent reduc- 
tion of area at the place of fracture. Such plates cost j£i per ton 
less than boiler plates. Toughness and elasticity are of more impor- 
tance than a high breaking strain, and especially in the case of railway 
bridges which are subject to heavy percussions and vibrations. 
Tank-plates may be classed in regard to quality with bridge plates, 
any superiority they have being incidental to their lesser thickness and 
the greater working necessary in their production. Ship plates are, 
as a rule, inferior in quality to the bridge plates described above, and 
cost from I OS. to j£i per ton less. There is no good reason for this, 
and where no stipulation is made in regard to quality, and where 
mere cheapness of price is allowed to prevail by open competition 
among manufacturers, a ship and a bridge would probably alike be 
made of similar inferior iron. But the stipulations as to quality usual 
amongst the principal bridge engineers are higher than those by which 
a ship can (1880) obtain admittance to the usual desired classification 
at Lloyd's registry. As ships are exposed to strains which peculiarly 
require good iron to withstand them, one of the most useful alter- 
ations in the laws concerning ships would be an enforcement of a 
higher quality of iron, such as is even now demanded by the owners of 
first-class vessels who are not content merely to satisfy the demands 
of official inspectors. The use of steel for shipbuilding is raising 
the standard of quality. 

The extras on plates may be approximately stated as follows, 
though some makers concede rather greater latitude. If not exceed- Sxtraa on putea 
ing 4 cwt. (in some districts 5 or 6 cwt., and in the north of 
England even 9 cwt.) per plate, 30 square feet superficial area, 
15 feet length, or 4 feet width, the ordinary current prices are 
charged. For every 5 feet additional length, an extra price of 
30S. per ton ; for every 6 inches in width beyond 4 feet, los. per ton ; 
for any weight in excess of the standard up to 8 cwt., 20s. per 
ton ; and a further extra of 20s. per ton for every 4 cwt from 8 to 20 
cwt; or 20s. per ton for every 10 ft or part of 10 ft. beyond 30 super- 
ficial feet Plates cut to irregular shapes are necessarily expensive, 
and if sizes or weights exceptionally large are wanted, special contracts irreffuiar shapea 
must be made with the few makers who have machinery capable of 
producing them. Plates, after they are rolled, are sheared on all 
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sides to a size which will include the desired dimensions, but it is not 
usual without special stipulation for the plates to be cut at the roll- 
ing-mill e3cactly true to absolute dimensions. Such work is part of 
the process of manufacturing the plates into articles of utility. At 
many rolling-mills, plates up to 12 ia wide can be obtained rolled as 
bars, that is, with edges true and square enough to obviate the necessity 
for cutting or planing. Indeed, at some rolling-mills with powerful 
machinery, plates even 30 in. wide are rolled as bars, and sold at the 
ordinary price for plates. The use of such improved machinery is 
(1880) tending to alter the old-established rules for extras as just 
described. 

Plates less than \ in. thick cost from 5s. to los. per ton more than 
those \ in. thick and upwards, and these thinner plates are used prin- 
cipally for tanks, gasholders, and similar purposes. Below \ in. thick 
the word plate becomes merged in that of sheets^ and among English 
makers the thickness is no longer measured by fractions of inches, 
but by the Birmingham Wire Gauge (B. W. G.). Down to and inclu- 
sive of No. 20 B. W. G. (089 m.m.) sheets are known commercially 
as singles ; from No. 20 down to and including 24, as doubles; and 
below this as lattens^ the price rising in corresponding order. Besides 
this, if sheets are wider than 3 ft or longer than 8 ft, or in any way 
have a larger area than 24 superficial feet, an extra price is charged, 
which mounts up from 10 to 40 shillings per ton very rapidly as the 
area is increased. Sheets after they are rolled are generally annealed 
to render them ductile, and are then in some cases re-rolled to give 
them a smooth surface. . 

The highest quality sheets are those made with charcoal fuel, which 
because of its freedom from sulphur, produces a very high quality of 
iron. Such sheets are made in small quantities in England, and cost 
about £^ per ton more than ordinary sheets. Sheet-iron of very 
high quality is made in Russia, charcoal not only being used as fuel 
for the ordinary purposes, but again after the sheets have been rolled ; 
numerous sheets being piled together cold with charcoal between 
them, and hammered in a peculiar way. Sheets so made have a 
smooth glossy surface, unattainable by other means, and are not so 
susceptible to rust as ordinary sheets. They are used for the outer 
casings of locomotive boilers, as a casing to the wood lagging of steam 
cylinders, and for other purposes where a very smooth surface is re- 
quired. In Russia they are even used — generally unpainted — ^as roof 
covering. They cost much more than ordinary shee.ts. 
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Though sheets are. manufactured into innumerable' articles of 
utility, they are of interest to engineers chiefly because of their use as 
galvanized corrugated roofing-sheets, of which very large quantities 
are made in England. The galvanizing protects the iron from cor- 
rosion, and the corrugations give great strength and stiffness to the 
sheets; the depth of flute determining the strength. In. England 
the usual widths of the fluting are 3 in. and 5 in., and the depth 
ranges from one-fourth to one-flfth of the width. But as the strains 
during the process of corrugating test the quality of the iron in pro- 
portion to the depths of the flutes and the thickness of the iron, there 
is a tendency to make cheap sheets with shallow flutes, while engi- 
neers who want sheets for structural purposes often specify deep flutes. 
Galvanizing is an arbitrary and misleading name which has been applied 
to the process of coating iron with zinc or spelter. The value of the 
galvanised sheets depends upon the quality of the iron, the quality 
of the spelter, and the care, with which the process is performed. 
Although a certain minimum quality of iron is absolutely necessary to 
allow sheets to be rolled of the required thinness, yet, with this pro- 
viso, large quantities of inferior sheets are made, which, if carefully 
examined, will be found to have minute cracks or a blistered surface. 
Sheets of this kind will not hold the spelter properly ; cannot endure 
the corrugation without risk of damage, or if safely corrugated, will not 
endure curving afterwards; and when exposed to the weather, soon 
become rusty. Charcoal sheets for galvanizing, although they can be 
obtained if really required, are not an ordinary article of commerce. 
The sheets that are sold at extra prices by manufacturers for galvanizing 
and other purposes, under the name of " charcoal sheets,*' are often 
made only with selected coal fuel and carefully worked. 

Galvanized corrugated sheets are made of various thicknesses, 
from No. 16 B. W. G. to 28 B. W. G., but for roofing -and other 
ordinary purposes sheets thicker than 18 B, W. G. are seldom used. 
This is the gauge preferred by engineers in England for first-class 
work, but the sheets generally exported are of the thinner gauges, and 
in the English colonies especially, Nos. 24 to 28 are in constant de- 
mand, as the thinner sheets, though dearer per ton, cover more surface. 
The price of galvanized sheets, depending as it does on the current 
value of spelter as well as of iron, has no uniform relation to the 
prices current for iron, but assuming that spelter is selling at ;^2o per 
ton, then when boiler plates are selling at ;^io per ton, galvanized 
pomigated sheets from 16 to 28 B. W. G. would sell from ;^i6 to 
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^25 per ton, the thinner sheets being the dearest, not only because 
Depends on price the thinner iron is the more expensive, but because in theSe sheets 
spe tcr. ^^ proportion of spelter to the weight of iron is the greater. On the 
other hand, if deep flutes be required, the thick sheets will not so 
readily bend as thin sheets, and tougher and dearer iron becomes 
Packing for necessary. High-quality annealed sheets galvanized and cold rolled 
but not corrugated are made for working into articles of utility. Such 
sheets cost from ;£'5 to ^^12 per ton more than ordinary galvanized 
sheets. When for use by the first purchaser in the country of manu- 
fiEu:ture, galvanized sheets are sometimes merely bundled together ; 
but for shipment it is usual to pack them in cases, the cost of which 
adds from iss. to J[,x per ton to the price. But for protection from 
sea water, and in order tp preserve the good appearance of the sheets 
for re^sale, the sheets are often enveloped in felt wrappers, sealed 
with pitch, and then packed in cases. 

r«?vanUe?*h ^^t Siijce the process of galvanizing was first introduced, manu- 
facturers have acquired by experience increased aptitude and skill, 
which have enabled them to produce good sheets at a less cost than 

Has led to maidofi: formerly. But unfortunately, increased knowledge has allowed the 

bad aneets. 

production of sheet-iron and galvanized sheets which, while of an 
Inferior sheets inferior quality, look good enough to be saleable. There is no case 
soon wear out. ^j^ere Cheapness obtained by inferior quality is a falser economy than 

Tiritb galvanized iron, for the detenoration, when it commences, is m 

$uch sheets so rapid as to be out of all proportion to the first saving 

which may h^ve been effected in price. 

Bar iron. Square, f}at, round, and other forms of iron used by blacksmiths, 

Merchant-bars, and included in what are known as merchant-bars are made of 

various qualities, a proper choice depending of course mainly on the 
Well-known purposc f6r which the iron is required. A foreign purchaser who 

wishes to be safe can, as already stated, protect himself by stipulating 

for the brand or trade-mark of a well-known maker ; but in distant 

See Tradb-marks, countrics a good deal of juggling takes place with regard to trade- 

*^' ' ' marks. Indeed, there are large quantities of iron rolled in England 

Fallacious brands. Specially for export with marks having some traditional importance 

to a foreign purchaser, but which are unknown among English users, 
and which may long ago have ceased to possess any real value. 
The true quality may, however, be ascertained by the following tests, 
which can only be borne by first-class iron^ such as is sold by manu- 
^ facturers of repute. Samples should be notched and bent back cold 
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to show the fibre of the iron. Both B and BB bars should endure 22 
tons tensile strain per square inch with the grain of the iron. Square 
or round BB iron being forged hot may be punched with a punch 
one-thurd the diameter of the bar, at a distance of li diameters 
from the end of the bar, and a second hole, at right angles to the 
first, at three diameters from the end of the bar. The holes may 
then be drifted out to li times the diameter of the bar, and the sides 
of the holes being then split the ends must admit of being doubled 
back without firacture. Flat bars not exceeding } in. thick may be 
bent with the grain to a radius of 2I times their thickness without 
fracture. B bars may be punched as above, and drifted out to the 
diameter of the bar, and the sides of the holes should admit of being 
bent outward without fracture. Flat bars not exceeding | in. thick 
may be bent with the grain to a radius of three times their thickness 
without fracture, and should endure punching and drifting also. 

Round, square, and flat merchant-bars of all sizes from \ in. to 
3 in. wide are sold at ordinary rates, but below these dimensions the 
rates generally increase 5s. to los. per ton for ev^ iV ii^* reduction. 
Above 3 in. prices also increase rapidly, so that bars 6 in. diameter 
cost from jQz to £$ per ton above the ordinary rates ; the number 
of ironworks with machinery capable of rolling such large sizes is 
much less than for ordinary bars ; and sometimes such bars are foiged 
under the steam-hammer. Whatever be the thickness, if the size 
or length involve a greater weight than 6 cwt, extra rates are charged. 
Flat bars from i in. x ^ ia to 6 in. x i in. are usually sold at current 
rates, and extra prices are charged for larger or smaller sizes, but 
wider bars, up to | in. thick, made for use as plates, can be purchased 
at the price of plates. Variety in the lengths tends to cheapen the 
selling price of bars, especially where some long lengths are required, 
as bars which in the process of rolling fail to attain the extreme 
dimensions can be cut to the shorter lengths instead of being wasted. 

Bars of L or T form are rolled of all sizes, from i in. wide to 8 in. 
wide, but the greater number of sections between these limits are of 
dimensions between 2^ in. and 5 in. If not thinner than i in., 
sections as narrow as 2 in. can be purchased at the current rate, but if 
thinner than \ ia, then from los. to 20s. per ton extra is incurred. 
The ordinary current price is paid for all sections from 2 in. wide up 
to and including 8 united inches. That is to say, a section of 3 x 5 in. 
or 4 X 4 in. will, as not exceeding 8 in., be deemed ordinary, but for 
every inch beyond 8 ia, an extra of about los. per ton is imposed ; 
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and moreover, if by reason of the thickness of the bars, a weight of 
about 4 cwt. is exceeded, an extra charge per ton of about 5s. \i 
made for every cwt in excess. Above a certain limit of length (which 
ranges at different rolling-mills from2o to 40 feet for L hars, and 20 
to 30 ft. for T bars) about ss. per ton is charged for every 5 ft. of extra 
Limits of length, length. The exigencies of transport generally render pieces longer 

than 30 feet undesirable, but where the total length does not exceed 
40 ft. it may be cheaper to make the bars in one length, and to pay 
extra carriage rates, than to divide and joint the bars* As the sizes 
become larger, so also must the thicknesses be increased, as thin iron 
becomes cool too soon while passing through the rolls. Thus bars 
5 in. wide should not be thinner than \ in., 4 in. bars than \ in., 3in. 
bars than ^f^ in., and so on. These limits may, however, be slightly 
overstepped by care in rolling, for which extra prices are charged. 

As stated on page 139, the iron in L hars is generally better, and 
of more uniform quality than that in T hars, as the grooves in the L ^^ 
rolling-mill are arranged so that the pressure upon each side is more 
equally applied than is the case with X ^^^* On the other hand, a 
T section is more symmetrical than an L section, and affords ^more 
convenient opportumties in a structure for joints and connections. 
L bars are cheaper than X hars, partly because the process of manu- 
facture is slightly easier, but mainly because the quantity manufactured 
is very much greater, rendering special arrangements feasible, and 
increasing the competition of makers. It is in these forms of bars that 
steel is most likely to supersede iron. 

Bars of all kinds as sold from the rolling-mill are only approximately 
straightened and are not cut to exact lengths, these being operations 
belonging to the boiler-makers, bridge-builders, or others who make 
them into articles of utility. 
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The use of I iron has very much increased during the twenty years 
ending 1880, but at no time since its introduction has such iron been 
so extensively used in England as on the Continent; and the quantity 
made in France and Belgium as compared with England is very 
much larger than is the case with any other kind of rolled iron. Al- 
though rolled iron joists can be made of a good quality, as they are 
at most of the English mills and at some of the Continental mills, a 
large proportion of the foreign iron is of inferior quality, and some oi 
it is very bad. The method of rolling, while it works and compresses 
the web, puts little direct pressure on the flanges, and if a bar were 
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dissected and the web and flanges tested separately, the latter would 
be found inferior. Such iron betrays its quality if it be bent, welded, 
or §mithed in any way ; and unless a good quality can be ensured, 
such a treatment of it should be avoided. It is usefully and well ap- 
plied for floor-joists or other girders of small span, for cross-girders in 
narrow bridges, or as longitudinal rail-bearers in a bridge. It is also 
used— especially on the Continent — for the rafters of trussed roofs, 
where in England T iron or a riveted girder would be preferred In 
price, joist-iron varies according to the section and quality. 

Small and narrow sections, such as a depth of from 4 in. to 7 in., 
and a width of from i ia to 3 in. are the cheapest, the price rising 
slightly up to sizes 9 in. deep and 4 in. wide. Beyond these sizes the 
price increases, so that joists 12 in. deep and 6 in. wide would be 
from ;^ I to £,2 per ton dearer; while if wider flanges be required, 
the price would be still higher, and the quality of the flanges probably 
inferior. Joists more than 12 in. deep can seldom be used with advan- 
tage, and above these dimensions riveted girders are in England gene^ 
rally preferred, though on the Continent, sizes up to 20 in. deep are 
constantly used ; while as a Umr deforu they have been rolled as deep 
as I mdtre (39tin.) In this case, by an ingenious machine with nume- 
rous rolls, the flanges are compressed as well as the web, and if such a 
method of manufacture could be applied to aU joists, their quality and 
usefulness would be greatly increased. The smaller sections can gene- 
rally be purchased up to 25 ft. in length, without extra charge, and the 
larger sections up to 20 ft. If these dimensions be exceeded, an extra 
price is incurred, somewhat in the same ratio as for X ii'on* ^^^ ^^ 
joists, as with other rolled iron, exceptions are made to the rule when 
the transaction is in other respects favourable to the manufacturer ; 
and sometimes in such cases, lengths varying from 20 to 40 ft. are 
supplied without extra charge. 

Rolled joists are kept in store by iron merchants in most large 
towns, so that bmlders can purchase them as wanted, but, as already 
stated, in such cases the expense of cutting to length ha3 often to be 
incurred, which, together with the value of the piece cut off, brings 
the retail price generally JQ\ to £7^ above the current price at which 
such joists can be bought at the rolling-mills. The ordinary practice 
is to cut the ends of the joists hot as they leave the rolls, and a length 
which is within i in. of the specified dimensions is considered suffi- 
ciently accurate. If cut at the rolling-mill to exact lengths cold, an 
additional cost of from 3s. to los. per ton is incurred. 
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Channel u iron bears somewhat the same relation to I iron as 
a T does to an«L. section, and although extremely useful in many cases, 
their one-sided shape renders them less easy to bend and less con- 
venient for connections than the double T* The smaller and nar- 
rower sections are the cheapest, and in this respect, and in the rules 
by which extras are charged, they may be classed with X joists, as 
also in regard to the fact that they are largely made in Belgium and 
France. The prices are generally about £,\ per ton higher than th^ 
prices of Joists. 

X iron and bulb iron are used principally by shipbuilders, and cost 
about the same as T b^^rs. Hoop iron is made of many qualities, 
the cheapest being used by builders for bonding brickwork together; 
a better quality is made for hooping casks ; and the best for enclosing 
bales packed tightly by hydraulic pressure. Hoop iron of ordinary 
sizes costs about the same price per ton as that current for boiler 
plates. If the thickness be less than 19 B. W. G. for i in. wide, or 
17 for 2 in. wide, extra prices are charged. Steel hoops are coming 
into use instead of iron hoops where strength is of importance. 
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Steel has three main qualities which distinguish it from iron, (i) 
Its superior strength; (2) its durability or resistance to wear or 
abrasion ; and (3) its capacity for being tempered, although for this 
latter purpose the mild steel used in structures is not suitable. It is 
its strength which renders steel suitable for structures (ships, bridges, 
roofs, &c.) ; its strength and resistance to wear, which adapt it for boilers 
and machinery ; its durability against abrasion, which makes it so 
valuable for rails, railway-points, wheel-tires, toothed wheels ; and its 
highest quality— the capacity for being tempered — which distinguishes 
it from all other materials as alone suitable for cutting-tools and 
springs. The employment of steel for these very different purposes 
may be further elucidated as follows. 

In estimating the qualities and cost of steel or the expediepcy of 
using it instead of iron, the revolution caused in steel-making and the 
steel trade, by the Bessemer inventions, must be carefully borne in 
mind. So widely different are the old and new processes by which 
steel is made, and so subtle and minute the causes which produce 
wide differences of quality, that even the name itself .S/^ir/ has become 
a subject-matter for dispute, and one in which no authoritative standard 
or definition has been agreed upon. The old plan of making crucible 
steel by an elaborate process from high-quality Swedish iron is still 
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carried on, principally at Sheffield ; and the finer articles of utility, such 
as turning-tools, punches, chisels, screw-taps, dies and cutlery, are made 
from this kind of steel as formerly. But the Bessemer inventions, by 
which steel is made directly from pig-iron, and the after inventions of 
Siemens and others, by which steel is either produced from scrap 
steel, pig-iron, or even from the richer iron ores without the in- 
tervening pig-iron process at all, or from a mixture of each, are the 
causes which have rendered steel cheap enough to be available to the 
engineer for purposes never practicable before^ The advantages 
afforded by the use of steel for rails are described In another chapter ; 
but it may said here that it was not only the high price of crucible 
steel that prevented its application on a large s^e for tails, bridges, 
and constructional purposes, but also because steel-makers had 
formerly too little knowledge of engineering, and of the various strains 
to which their products would be subjected, and too litde experience 
of their action under varied circumstances, to manufacture in each 
case the most suitable quality of steel fot the work required. High 
tensile strains were aimed at even for purposes where only moderate 
strength was needed, and the strong steel so produced did not afford 
the toughness which was needed, and the failures that resulted from 
such misapprehension did much to shake the fjEuth of engineers in 
steel as a new material for structures. 

The use in structures of Bessemer steel, which is here meant to 
include the steel made directly from iron by any of the successful 
modem processes, was for some time alter its invetition in a transition 
state, unsatisfJEictory alike to engineers and to steel-makers ; and even 
since the manufacture of steel has been rendered more certain, there 
are various secondary reasons which limit its use. Many of these have 
been already alluded to under the head of bridges. At first sight, 
there appear so many advantages in using steel, that it may seem 
astonishing that boilers, ships, or bridges are made of anything else. 
But on closer investigation, the question is found to be a complex 
one. The tensile breaking strength of steel for these purposes may be 
roughly stated as fix>m 40 to 100 percent more than wrought-iron, and 
about the year 1877, the prices of iron and steel, having continued to 
approach since 1870, were in about the same ratio. But as the cost of 
the iron or steel is only one out of many expenses of manufacture, even 
if the weight of a boiler, bridge, or ship could be reduced one third, 
the cost would still be greater, even if the same strength were main- 
tained. The cost of steel bars and plates has since 1877 approached 
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by Steady gradations nearer to that of iron, and as the process ot 
making steel is simpler than that of making wrought-iron, it may be 
expected to maintain a price not very different if suitable raw material 
be obtainable. But while experiments have shown that stasl may be 
one half and more stronger than iron, engineers, forreasons stated below, 
have not yet placed that confidence in it which its strength and the 
certainty with which it can now be produced would warrant Steel is 
not so easily welded as iron, and, even in more ordinary smithing pro- 
cesses, unequal heating may alter its temper. It is due to the risks of 
welding that steel chain made of the shape usual in iron is unknown to 
to commerce. Moreover, steel is more liable than iron to damage from 
such operations as the punching of rivet-holes, which tend to weaken 
the surrounding parts. And the homogeneity of steel, which is an ad- 
vantage in many respects, allows a crack or flaw, when once com- 
menced, to spread in a way that is impossible in fibrous wrought-iron, 
where a crack has to take a firesh departure at each fibre that it meets. 
The annealing of steel, after it has been punched or subjected to cold 
hammering, generally restores it to its original temper, and many of the 
other difficulties and the supposed objections to its use have disap- 
peared as workmen have become as used to it as they had been to iron ; 
and the success hitherto (1880) leaves little doubt of its ultimate adop- 
tion for general purposes, ^where only simple and moderate smithing 
and welding is required, and especially in structures so designed that 
simple rolled bars or plates may be used without smithing. But as 
already stated, most of the accidents with steel arose from the desire 
to utilise too fully the strength of the new material, and when steel equal 
to a breaking strain of 40 tons per inch was preferred. And as the 
capacity of elongation and the toughness to resist bending become 
less as the hardness and tensile strength increase, such steel was much 
more liable to fracture from percussion or fi*om other treatment to 
which structures during manufacture or use are liable than mild steel. 
The real value of either wrought-iron or steel depends not only on the 
ultimate breaking strength, but on the limit of elasticity, and steel has 
a much higher proportionate limit than iroa Thus, while iron of 
20 tons breaking strain will have 10 tons as a limit of elasticity, and 
Lowmoor iron of 28 tons breaking strain 14 tons; steel of 36 tons 
will have a limit as high as 26 tons. In the case of the steel plates 
used for shipbuilding in the Royal Navy, a strip is cut firom every 
plate and tested, and it is (1880) specified that the breaking strain 
shall not exceed 30 tons per square inch, but that there shall be 
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such ductility that a piece of 8 in. long shall stretch 20 per cent, 
before fracture. Up to 1875 ^^^^ ^ condition would have been 
prohibitory. By the use of such steel the weight of a vessel may be 
greatly reduced, and the plates will safely endure the collision or inden- 
tation which would destroy iron plates. There remains still the great 
advantage of a reduction in weight which the use of steel allows ; and it 
is in cases where this is of the first importance, as in long-span bridges 
(already described) and in vessels for carrying heavy as distinguished 
from. bulky cargoes, that steel is most advantageously employed. 

Boilers of steel have, besides the advantage of lightness, that of 
allowing, through their thinness of shell, a more rapid transmission 
of heat to the water, and having a smoother surface there is less 
liability to scale ; steel is also a better transmitter than iron. And 
as even the best Yorkshire plates which are used for the exposed 
parts of boilers are occasionally found defective, the more certain 
steel is becoming preferred, and is cheaper. 

Steel when manufactured into articles of utility cannot be easily 
distinguished from iron, and the want of some ready mode of satis- 
fying themselves that proper steel has been employed, is one of the 
causes which disincline engineers from allowing its use. Some 
authoritative brand or hall-mark seems needed to verify the origin of 
each separate piece, for the testing a portion of every piece is trouble- 
some and expensive. This verification of quality is more important 
than in the case of iron, where the inferiority of any particular piece 
would probably be, at most, 10 per cent. ; while, if iron or bad steel 
be substituted for the prescribed steel, the difference might be 50 per 
cent As in the Bessemer process, from 5 to 10 tons of steel are 
" blown " or " converted " at the same time in one vessel, it would ap- 
pear that the chemical and mechanical tests which are usually made 
should suffice for all the steel so converted at one time, while in the 
crucible steel, where each vessel contains only from 60 to 120 lbs., 
there is not the same certainty that the contents of numerous 
crucibles will be alike. 

While the demand for steel remains comparatively small and un* 
certain, its price cannot be stated with the same precision as the prices 
of iron. Steel plates for boilers cost (1880) nearly double the price 
of iron plates; while steel plates for bridges or ships, can be pur- 
chased at about £/^ per ton more than iron plates for similar 
purposes. Steel bars of L or T form can be pmrchased at from 
£z to jQs more than for iron, but the number of section patterns 
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is much smaller than those available in iron, though as the demand 
for steel increases, it may be expected that the forms and sizes of it 
will become as numerous as in iron. And it is in L* T ^^^ other 
forms used in structures, rather than in the round and square forms 
used for smith's work, that steel is likely in the future to supersede 
iron. Steel sheets useful for many purposes, but not often to engi- 
neers, cost from ;^5 to ;^io more than iron sheets of good quality 
used for galvanizing. In the case of steel, as of iron, competition is 
not limited to England* and many of the Continental manufacturers 
are enterprising enough to offer great inducements to English pur- 
chasers. There is no doubt that in England and on the Continent, 
if the use of steel became extended, and a demand arose for it, the 
expenses of manufacture would, as in the case of rails, be lessened 
as the quantities became greater, and the prices would approximate 
more nearly to those of ifon. It is (1880) too soon to state the 
elxtras whic^h will be reckoned on the current prices of steel for excess 
in size or weight beyond the ordinary sizes, but both in regard to 
bars and plates much larger sizes are allowed without extra charge 
than are customary in iron. 

Steel owes much of its homdgeneity and close grain to the treatment 
it receives hf hammering and rolling after it has been cast into an ingot 
It is fot Want of such after treatment that steel castings do not offer 
the tenacity and ductility of wrought steel. Molten steel, after being 
cast, chills more quickly than ifon ; the process of casting is not so 
easy; there is more risk of unsoundness; and for these reasons, 
steel cast into irregular shapes, unless it be afterwards compressed, 
hammered, ot rolled, always offers a strength inferior to that of simple 
shaped rolled steel bars. Whitworth's process of compressing steel 
castings while in a semi-molten condition, was introduced to meet these 
objections, and so far as it has been applied — chiefly (up to 1880) for 
military purposes, such as guns and torpedo-cases — it has proved very 
successful. The application of steel to general purposes, such as the 
parts of large steam-engines and machinery, will much depend on 
whether it can be produced of good quality in large masses without 
forging. It is largely owing to the difficulty of obtaining sound steel 
castings of irregular shape, that malleable cast-iron is so extensively 
used. Made from high-quality (generally haematite) pig-iron, sound 
castings are more easily made than in steel, and such iron castings are 
then, by a peculiar process of annealing, partly decarbonized and ren- 
dered so tough as to withstand bending or percussion without fracture. 
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But simple steel castings, when sound, offer considerable advantages Advantage of 
over iron castings, where great strength and reduction in weight is 
required ; especially where a greater resistance to wear and abrasion 
is of importance. They even take the place of wrought-iron for 
irregular shapes, where the cost of forging or smithing is great ; but 
in such cases, care must be exercised in their introduction, as though 
in such steel castings a higher tensile strength is obtained than in the 
best Yorkshire iron, there is little elasticity, so that scant warning 
would be given of their ultimate fracture. Steel castings compare 
most favourably with iron castings under tensile strains, as they have TMsUe.stnneUi. 
a tenacity three times or more than that of cast-iron, or over 30 tons 
per square inch. The value of resistance of steel to torsion is, as « 
compared to wrought-iron, as 2 to i, so that wherever torsional stcei in toimion. 
strains have to be endured, as in screw-shafts of steam-ships^ steel 
is of high value. Owing to the expense of forging and rolling long, 
heavy, round iron, steel for screw-shafts or for screw-piles is often ftt«ei shuftine and 
cheaper than the same forms in iron. And as steel has also a fnuch ^^^^'^ ~* 
greater resistance to abrasion than iron, toothed wheels are for this 
reason often made of steeL 

Steel is gradually being introduced for variotis purposes where ftteei instead of 
formerly only the best brands of Yorkshire iron were used; and '**''ironr"*^ 
merchant-bars of steel can be purchased at much lower prices than this 
quality of iron. It is not so much the ultimate purpose^ as the treat- 
ment to which the steel will be subjected while being converted into 
articles of utility, that determines the choice^ 

Such articles as turning-tools, screwing-taps, chisels, files, saws, pdcea of cmcibie 
are usually made from crucible cast-steel, which ranges in price from "t^fo'*©*^' 
£z^ ^o £^^ pci* ^on i ^^^ some special kinds of tool steel cost more 
than ;;f 100 per ton. The higher grades of crucible steel are melted 
from the best brands of Swedish iron, which vary in price from ;^i2 
to ;f 30 per ton ; so that the quality of steel may be infinitely varied, 
according to the mixture of high or low-priced iron. 

Tool cast-steel is made in* bars of various shapes and sizes, such vadoua thapea of 
as square for turning, slotting and planing tools ; round, for taps, '^^ ' 

rimers, drills, milling-tools, dies ; fiat, for turning and slotting-tools 
and shear-blades ; round-edge, for chisels and riveting-snaps; octagon, 
for chisels and snaps. Various tempers are required for these dif- varioua tempera, 
ferent purposes, and the maker should always be informed of the 
particular pturpose for which the steel is to be used. For want of 
such knowledge, steel, though of good quality, is often not adapted 
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for the purpose in view. It is false economy to use anything but 
crucible cast-steel of good quality for tools working upon metal, as 
the higher cost of good steel is more than repaid by its greater 
durability, and the great saving of time in resharpening. But prices 
more than proportioned to their value are charged for some of the 
best known brands of steel. 

Shear-steel is generally used for welding purposes, and varies in 
price from jQ^o to £60 per ton, the higher qualities being used for 
machine cutting-tools, composed of steel and iron welded together. 
Railway springs are made from various qualities of spring steel, 
which are known in the trade as Swedish spring steel, /.^., rolled from 
Swedish bar-iron cemented, and not from Swedish-Bessemer-steel; 
British crucible cast-steel ; Siemens- Martin steel ; and Bessemer steel. 
The bulk of the laminated springs are made from Swedish or Besse- 
mer-steel. The Swedish steel springs first named in the above 
category cost from £6 to ;£'io per ton more than the latter. 

[See also Contract and Purchase : Purchase for Export : 
Iron Roofs and Buildings : and in Part I., Bridges.] 



CHAPTER XIX. 

THE PURCHASE OF STB AM -ENGINES. PORTABLE ENGINES. 
GAS-BNGINES. HOT-AIR ENGINES. WATER-ENGINES. 

There are three natural 
sources from which mechani- 
cal power may be obtained 
in substitution for animal 
force — the Wind, the gravity- 
, iorceofWater.andthe poten- 
tial heat-force of Fuel. Fuel 
is utilised in several ways, 
but amongst them the steam-engine has hitherto proved to be the 
most convenient and useful in the majority of cases, the exceptions 
being generally those where only a small power is desired. As, how- 
ever, the effective force afforded by the combustion of fuel, even in 
the best kind of steam-engine, is still far below the theoretical heat- 
force of the fuel, and as, moreover, there are certain inconveniences 
which attend the use of the steam-engine, constant attempts are 
made to discover other methods of transmuting heat into mechanical 
force, either by improvements in the engine itself, or by means which 
avoid the use of steam altogether. Among the latter, gas-engines, 
hot-air engines, and even electric- engines find advocates ; while out- 
side any category of heat-motors, water-engines are available, not 
only as original motors where there are natural sources of water, but 
also for giving effect to the gravity-force of water which has been 
pumped up by a steam-engine or other prime mover at a distance. 
It is not intended here to describe or suggest any new method, but 
only to draw attention to the circumstances by which the value of 
steam-engines and the substitutes above mentioned is determined. 
The primary measure of value in a steam-engine is its power ; but 
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this, as it is derived from the fuel consumed in the furnace of the 
boiler, depends in the first place on the size or capacity of the boiler 
and furnace. The gross heat-force being thus arrived at, the net 
effective value depends on the waste or loss between the heat-force 
units contained in. the fuel and the mechanical-force units given out ; 
this waste or loss depending on the design and construction of the 
machine. Such a simple measure, though that generally prescribed by 
theory, is not however sufficient ; for it is the suitability of an engine 
to the special wants of a purchaser which determines its value in any 
particular case ; and the power which one engine as compared with 
another will give, is only one out of many points which have to be 
considered. 

The diversity of purposes to which the steam-engine is applied has 
been met by a corresponding variety in the kinds of engines ; and 
this variety, though advantageous in the wide choice it affords, is often 
a source of perplexity to the purchaser. Inventors and manufacturers 
draw attention to the points of excellence in their machine, to the con- 
veniences it affords, and the difficulties it overcomes; and till another 
set of conveniences and difficulties is considered, it might be thought 
that one particular engine must be the best for all cases. Precedent 
should not be followed, nor success already achieved be taken as a 
guide, unless the conditions of use are sufficiently alike. Engines 
and boilers are often sold separately j but as the boiler is one of the 
most important parts of a steam-engine, no proper choice can be made 
of one without due consideration of the other. A purchaser of a 
steam-engine has generally to consider, besides the primary question of 
the power required, some of the following points, which conflict with 
each other in a variety of ways; and on the circumstances of locality 
and purpose their order of importance depends. 

I. The space to be occupied by the engine and boiler; for if 
there be limitations in this respect, the design of the engine may be 
modified accordingly. Thus, a very high pressure of steam may be 
adopted, so as to reduce the size of the cylinder and of other parts ; and 
a boiler may be chosen of a kind which will allow rapid generation of 
steam, though it may not conduce to economy in fuel. Or, expressly 
to meet such cases, engines may be made without connecting-rods 
and other usual adjuncts which occupy space. If floor space be 
limited, some kind of vertical engine and boiler may have to be 
adopted, which may be less solid and durable and more expensive 
than a horizontal engine. 
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2. The weight may be a point of consequence, if the engine and 
boiler have to stand upon an upper floor, or on a weak foundation. 
If weight for transport is an important consideration, not only the 
total weight, but that of the separate pieces must be considered, and 
the larger pieces, such as boiler, bed-plate, and fly-wheel, may be made 
to subdivide for carriage. 

3. If frequent carriage from place to place be probable, a portable 
engine may be best, but if only occasional moving has to be anticipated, 
a fixed engine with parts conveniently divisible may be preferred. 

4. Facility fox fixing and setting to work is sometimes an important 
point, and it may be expedient to i4ake the machine so complete 
and self-contained as to require little preparatory labour in buildings 
and foundations, and no preliminary adjustment of the mechanism as 
a condition of proper working. 

S* The necessity for simplicity of working may render it inex- 
pedient to have certain special valves and other parts, which, if skilled 
workmen were in attendance, might allow economy of fuel and other 
advantages. 

6. A minimum time for smarting may render necessary a peculiar 
kind of boiler and other arrangements ; the steam-engines for cranes, 
winches, and fire-engines \m^g examples. 

7. Equable working and facility of adjustment may be of great 
consequence, and may render necessary or convenient expensive 
control mechanism. The n^achinery for spinning fibres and weaving 
fabrics, and the electric-light machines, need such equable-working 
engines; and special governors, or automatic control-valves of a very 
sensitive kind, may be necessary. 

8. Economy in fuel and suitability for particular kinds of fuel 
are conditions which often modify the design; but the extent to which 
the engineer can meet these conditions is often limited by other^of 
the points mentioned. 

9. Economy in first cost often overrides all the other considerations, 
for, though it might be cheaper eventually to have only what is best 
and most suitable, even a rudely-constructed engine, or one consum- 
ing much fuel (if the only one which can be afforded) may still prove 
of great advantage when compared with other sources of power 
available as an alternative. Of course, in measuring the cost, or in 
comparing one kind of engine with another, the expenses of founda- 
tions and buildings, and other accessories need as much considera- 
tion as the machine itself. 
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In all technical questions concerning steam-engines, and in their 
commercial valuation, the ^^ Horse-power^^ is by common usage adopted 
as the unit of measurement; but as the term is qualified by the prefix 
"Nominal," "Indicated," ''Effective,*' "Real,"therelation which these 
phrases bear to each other needs explanation. Watt, in introducing 
his new steam-engines one hundred years ago, required a convenient 
and easily understood measure of power, by which the value of his 
engines could be stated; and having by experiment ascertained that a 
very strong horse could lift 33,000 lbs. one foot high in one minute, 
he adopted this as his standard, for although 25,000 lbs. would more 
correctly represent the usual power of a horse. Watt preferred the 
higher figure, as demonstrating with greater effect the value of the 
machine he had invented. The lifting one pound one foot high has, 
under the name foot-pound, been adopted as an unit of measurement 
for the power not only of steam-engines, but of all kinds of mechanical 
forces. Watt made the parts of his engines of such dimensions and 
capacity as would, with the steam-pressure at his command, produce 
the required power; and the sizes of the principal parts — ^notably the 
diameter of the steam cylilider — thus determined, became established, 
though informally and with certain modifications, as standards among 
engine-makers. Watt's standard has been adopted in most foreign 
countries. In France, where metrical measures are in force, 75 kilogram- 
metres (kilos lifted one mbtre) per second are taken as one-horse 
power, and this equals o"986 of the English horse-power. In Germany 
the horse-power slightly exceeds the English standard ; in Russia it is 
exactly the same as in England. Watt based his calculation of horse- 
power upon an assumed steam pressure (in addition to the vacuum- 
force he obtained) of 7 lbs. per square inch, and a piston speed of 160 
feet per minute ; an increased piston speed being adopted as the stroke 
was made longer than 2 ft., so that with a stroke of 8 ft. the speed was 
calculated at about 260 ft per minute. The same rule would apply 
for the earlier non-condensing, or as they were called, high-pressure 
engines, but with a direct steam pressure of 2 1 lbs. But with the use ot 
higher pressure steam, of greater velocities, and of numerous improved 
methods, engines made now of the same dimensions as formerly, give 
out much greater power ; and hence the diflference — 2 to i, 3 to i, or 
even 6 to i, as the case may be — between the nominal and real power 
of a steam-engine made now of the old dimensions. Watt's dimen- 
sions have not been strictly adhered to, and though no absolute rules 
have been established, the competition of makers has led to conven- 
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tional standards of size in different districts. Among the various 
modifications of Watt's rule, that which allows a non-condensing 
engine, about lo (Circular inches of piston area for each nominal horse- 
power is one of the most simple and usual llius, a cylinder 8 in. 
diameter, having an area of 64 circular inches, will be provided for a 
6-horse power engine, a lo-in. cylinder for a lo-horse power engine, 
and a la-in. cylinder for a 14-horse power engine. It is evident that an 
arbitrary rule of this kind may be applied with widely different results, 
according to the length of stroke, pressure of steam, speed, and other 
circumstances. So long, however, as there is an understanding acted 
on by makers of engines and known to purchasers, of what dimen- 
sions are really implied by a ceiCain specified nominal horse-power, 
the term, though arbitrary and conventional, cannot be called useless; 
and until engine-makers in different countries agree upon some better 
method of denominating their machines, the old term will be used ; 
and if it be attempted instead, to state the real power, then as this 
depends upon the pressure and velocity — incidents which may, in an 
engine of given dimensions, be varied at will within very wide limits 
— such a statement, unless accompanied by the exact conditions upon 
which it is calculated, might not convey to the purchaser of a steam- 
engine so good an idea of the machine in question as would the 
nominal horse-power, which implies certain conventional or prescribed 
dimensions. For the same reason, there is no fixed proportion be- 
tween nominal and real horse-power. Amongst engineers the nomi- 
nal horse-power is seldom referred to, the real power, as determined 
by the dimensions, pressure, and speed, being alone considered. 

By means of an instrument called the '' indicator," the pressure per 
inch upon the piston, with the variations of pressure at each portion 
of the stroke, are exactly measured and recorded; and the mean of 
such varying pressure, multiplied by the number of inches of piston 
surface, gives the total force exerted upon the piston. This total force, 
when again multiplied by the number of feet travelled by the piston per 
minute, produces the sum of foot-pounds of work done, which, divided 
by 33,000, expresses the " indicated horse-power" according to Watt's 
standard. But, from the gross power thus arrived at, must be de- 
ducted — if the net or effective or real power is to be ascertained — the 
power consumed in overcoming the friction of the engine itself; 
and in the majority of cases — in each according to the skill of th^ 
maker and other conditions — ^the proportion to be deducted is some- 
where between one-fifth and one-tenth of the gross power, or an 
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Dynamic force, average of about 15 per cent. The effective or dynamic power 

can, if desired, be exactly measured in all engines of moderate size, 

either by a dynamometer, or by a friction brake, as has often been 

done in the competitive trials of engines. 

^de'^'nlX on fUei^ Subject to due consideration, in special cases, of the circumstances 

consumed. enumerated on page 181, economy in working is that which is most 

important, and economy depends mainly on the consumption ot 

fuel ; the exceptions being principally those where a steam-engine is 

Exceptions. wanted for merely temporary use, or where — as in a coal-pit or forest 

— fuel is so cheap and abundant as to need no consideration, or 
where, because of the smallness of the engine, the cost of fuel, 
even if excessive, bears but a small ^ proportion to the total expense 
of working, or where the waste steam can be utilised for other pur- 
poses, as sometimes is the case in paper mills or sugar factories. The 
Example of fuel relation which the cost of fuel bears to the purchase-money ot an 
consumption, engine, and the extent to which economy may be practised, may be 

illustrated by an example. Let it be assumed that an ordinary non- 

condensmg engine of 20 nommal horse-power will cost, including 

boiler, about ;£5oo ; and let it also be assumed, that such an engine 

will be worked at a pressure and speed which will give out 50 indi 

innon-condensine cated horse-powcr. With coal of ordinary quality, the consumption. 

eng nes. ^.^ probably be some quantity between 5 and 10 lbs. per indicated 

horse-power per hour, the lower amount requiring a well-designed 

engine and good stoking, and the higher, though generally implying an 

unnecessary waste, being not greater than takes place in many engines. 

Assuming that the engine is working 60 hours per week, or 3,000 hours 

per annum, the yearly consumption of fuel will be from 335 to 670 

Saving effected by tons, which, at the value of £,\ per ton, shows a difiference, and there- 

ezpansW(^. fore allows a margin for saving, of ;^335 per annum. If high-pressure 

steam be used expansively, and the feed-water heated with the 
exhaust-steam, the consumption may be reduced to lower limits, 
say from 4 to 7 lbs., according to the skill in stoking and other 
circumstances. But even the lower of the two rates involves a very 
Further saving by Unnecessary consumption of fuel An ordinary condensing engine, to 
condensing. produce the Same indicated horse-power, would probably cost about 
See page ni* ;£6oOf and would consume only from 3 to 5 lbs. of coal per indi- 
cated horse-power per hour; and by the skilful use of compound 
engines, and well-arranged boilers, the consumption can be kept 

Minimum down to 2 Ibs. It is even asserted by the inventors of special en- 
consumption. 1 . , , t 

gmes or boilers, or of apparatus connected with them, that i^lbs. 
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only is necessary ; but although by the use of carefully-delected coal, Su Coal, Auv //<?. 
and under very favourable circumstances, such a low rate may have 
been reached as an experiment, it can hardly be relied on as a standard 
in actual practice. As, however, even \\ lbs. is far in excess of what 
in theory will generate steam equal to i-horse power, it would be 
presumptuous to affirm that further economies are impossible in the 
future, and it is obvious that any saving that may be effected will 
have special value in countries where coal is dear. 

Economy in fuel depends upon the proper construction of both Economy in fuel, 

how obtainable a 

engine and boiler, and can only be maintained by skilful manage- 
ment, these essential conditions requiring that — 

(a) The fuel shall all be consumed in the furnace without being 
wasted either in the form of combustible cinders, smoke, or vapours. 
To this end it is necessary that the boilers shall be of a proper kindj 
and properly set. 

ip) The heat generated in the furnace shall all be transferred to 
the water in the boiler, and shall not escape either into the stoke-hole 
or up the chimney, this requiring a large heating surface and efficient 
stoking. 

{c) The heat in the boiler shall not be wasted by radiation from 
the boiler or from .the pipes which conduct the steam to the engine ; 
and to ensure this, the boiler, steam-pipes, and cylinder must be pro- 
tected from loss by radiation by some non-conductor of heat. 

(d) The steam which reaches the engine shall be utilized there to 
the utmost, and therefore none of the steam in the engine shall be 
allowed to escape till all or as much as possible of its direct and 
expansive force has been utilised. 

{e) The force necessary to overcome the friction of the engine 
itself, and which is lost from the effective power, shall be kept as 
low as possible ; and therefore that the engine shall be as simple 
as possible, and so well fitted as to require the minimum of power to 
work it. 

While, however, economy thus depends both upon the boiler by 
which the steam is produced and upon the engine which uses it, the 
two are entirely distinct, and need separate consideration. 

The earliest Boilers^ though made of various formsr-egg-ended, 
wagon-shaped, circular with domed tops — ^were without internal flues 
of any kind ; the furnace below the boiler and the Hues around it 
being constructed in brickwork. Although much skill was some- 
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times shown in the arrangement of the flues, a large proportion of the 
fuel was wasted either in the form of unbumt coal and cinders or in 
the smoke and heated vapour allowed to escape up the chimney. 
The water could not be heated quickly, and boilers of laige size were 
necessary to produce sufficient steam. Boilers of this kind are very 
seldom made now, and are mosdy to be found at collieries and places 
where there is much cheap fuel, or where there is refuse fuel, a 
riddance from which is desired, or where the waste heat from coke 
ovens or furnaces can be utilised. The wagon-shaped bailer, which 
contains one tube or flue, was an advance on the previous kind ; but 
the great advantages as regards strength which a circular shape allows, 
caused the wagon shape also to be superseded. The Cornish boiler 
and the Lancashire boiler were a marked improvement upon any of 
the previous kinds. They are of cylindrical form, generally of some 
diameter between 3 ft 6 in. and 7 ft, and of some length between 
8 ft. and 30 ft They contain one or two internal tubes or flues, 
boilers not exceeding 5 ft. diameter generally having one, and those 
more than 5 ft diameter two, of such tubes ; those with one tube 
being known as Cornish, and those with two tubes as I^ncashire 
boilers. The tubes are of some diameter generally approximating to 
one-half of the diameter of the boiler when there is one tube, and 
to one-third when there are two tubes. In each tube is placed a 
furnace, and the 0ames and heated vapours having passed along 
the tube are, in the majority of cases, then taken under and 
along the outside of the boiler in brick flues, and thence to the 
chimney. The advantages afibrded in the heating of the water 
by thus having the furnace and the hottest of the vapours in the 
interior of the boiler are obvious ; and boilers of smaller size than 
those without internal flues will produce as much steam in a given 
time. 

Multitubular boilers are either vertical or horizontal, and almost 
always cylindrical, except for marine engines, where they are some- 
times of such shape (generally rectangular) as will best suit the 
exigencies of space in a steam-^hip. But even in marine boilers the 
advantages of a circular form have led to its adoption to resist high- 
pressure steam. In multitubular boilers there is the same principle 
of internal flues as in a Cornish or Lancashire boiler, but instead 
of one or two tubes there are numerous tubes of small diameter, 
generally from i\ in. to 3^ in. diameter, through which the 
vapours pass to the chimney. The heated surface which is presented 
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to the water, by thus piercing it with a multitude of fiery tubes, is 
in the aggregate very great, and steam can be produced rapidly ; a 
great reduction in the size of the boiler is allowed \ and it can be 
made complete or ''self-contained" without the necessity for any 
brickwork flues or setting. If the adoption of this method of 
constructing boilers were not limited by certain opposing considera- 
tions, all other kinds would be soon abandoned. The question 
is an important one, on which there are constantly diverse opinions. 
The multitubular boiler was first designed for locomotives, as, 
in the small space there available, one or two internal tubes of 
large diameter were totally inadequate. The rapidity with which 
water can be heated and steam generated in a multitubular boiler, 
(so that from a boiler of limited size a large supply of steam can 
be kept up) at once ensured its adoptioiL In a locomotive, 
although economy in fuel is desirable as in other engines, the pro- 
duction of sufficient steam in a boiler whose size is necessarily 
limited, is the primary consideration, and the one which renders the 
multitubular system absolutely essential. But even the numerous 
tubes would be insufficient to produce steam quickly enough for 
the purposes of* a locomotive, were it not for the happy addition 
of the steam-blast. The exhaust-steam from the engine cylinders 
Ls discharged in such a manner as to intensify the draught through 
the tubes, the vapours from which are taken with the steam in one 
rushing blast up the chimney. In a marine engine, although there 
is not the absolute impossibility, as in a locomotive, of having 
outer flues of brickwork, it may be considered practically impossible. 
As, however, in marine engines, there is seldom a blast to stimulate 
the draught and keep the tubes free from cinders, and as the tubes 
cannot be cleaned so often as in a land boiler, the tubes are made 
larger and shorter, a diameter of about 3! in. being usual, while in 
locomotive or portable engines the tubes are seldom larger than two 
inches. 

In a portable engine, the importance of having a boiler suffi- 
ciently small, and the impossibility of having outside flues of 
brickwork, render the multitubular boilers almost as necessary as 
in a locomotive. In these three important kinds of engines, there- 
fore — the Locomotive, the Marine, and the Portable — there can be 
no difierence of opinion as to the propriety of using multitubular 
boilers. But in regard to stationary engines, opinions are divided. 
Multitubular boilers are self-contained, need have no outside setting. 
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and though tubes have periodically to be replaced, such boilers hardly 
ever explode. On the other hand they cost more than Cornish 
boilers, require repairs more frequently, are less accessible for 
repairs and cleaning, and do not last so long. The furnace, fire-box» 
and tubes, and their connecting parts, have to endure fiercer and 
more concentrated heat than the simpler parts of a larger Cornish 
or Lancashire boiler. The inconvenience and loss which are 
occasioned by the bursting of a tube, or by any other mishap which 
involves the temporary stoppage of the engine, together with nhe 
trouble and expense of replacing a worn-out boiler by a new one, 
disincline many users of steam-engines from multitubular boilers, and 
lead them to prefer the Cornish type of boiler. These inconveniences 
can be, and often are, largely neutralized by having one or more 
spare boilers ready for use during the repair or replacement of a de- 
fective one; and the capital sunk in such extra boilers must be con- 
sidered as an investment, for which the compensations obtained are 
a sufficient return. In stationary engines, however, there is not the 
same limited space as in the engines just now alluded to ; and it is 
in such cases, where there is ample room for external brick flues, 
that Cornish boilers appear to the best advantage; and, when well 
arranged, consume less fuel than those '' self-contained " multitubular 
boilers without external Hues. But there is a growing tendency towards 
the use of high-pressure steam and quick-speed engines, and it is 
sometimes difficult in a Cornish boiler, unless it be made of excessive 
size, to maintain a sufficient supply of steam. Moreover, the small 
size of multitubular boilers, not only renders them stronger than the 
larger Cornish boilers, but they are of less weight, and occupy less 
space. When a Cornish boiler for a 20-horse power engine would 
cost, complete with fittings, ;^i8o, a multitubular boiler would 
probably cost about ;£'25o, but the latter may, if desired, be arranged 
with little or no brickwork. 

Such opposing conditions have suggested many expedients, which 
have generally taken the shape of some compromise between the two 
kinds of boilers. In some Cornish or Lancashire boilers, vertical or 
diagonal tubes are inserted across and through the ordinary tubes, 
by which plan the effective heating surface is much increased, a bene- 
ficial circulation of the water promoted, a more rapid generation of 
steam caused, and the main tubes are strengthened against collapse. 
In other cases, a boiler of a hybrid kind is constructed with the furnace 
and parts adjacent of the Cornish form, and the further part multi- 
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tubular. In both these cases the parts are more accessible than in an 
ordinary multitubular boiler ; the small tubes are not exposed to so 
fierce a heat ; and there is the same advantage as in an ordinary Cornish 
boiler, of having external flues of brickwork. If the latter are adopted, 
the heated vapours, after leaving the internal tubes, can be effectively 
conveyed round the outside of the boiler, and the minimum allowed to 
pass up the chimney in waste. With a p/operly proportioned grate-sur- 
face, and by careful stoking, the consumption of fuel in such boilers can 
be*kept as low as in any known kind of boiler. Cross tubes, as above 
described, are now generally inserted in the furnaces of small self- 
contained vertical boilers used for steam-cranes, winches, and similar 
purposes, instead of such boilers being made multitubular, as it is 
found that the numerous small tubes, which the latter system involves, 
are, in so confined a space, liable to be choked up and to burn away. 
In the small boilers used for these purposes, it is impossible to 
prevent the escape through the chimney of heated vapour which in 
larger boilers might be utilized ; but as no other kind of boiler is 
practicable, the great convenience and saving which such engines 
afford, as compared with manual force, justify the great consumption 
of fuel which takes place. 

Boilers composed entirely of tubes, form a special class distinct 
from those mentioned. The tubbs are suspended vertically and near 
together in rows in a brick furnace, and each row of tubes is joined 
at the top to a horizontal tube, several of which, forming a series of 
steam-chambers, are joined to one large cross tube. A very large 
heating surface is presented by the groups of pendulous tubes to the 
flames and vapours of the furnace ; and there is the additional pecu- 
liarity that the vertical tubes are all double or annular. The inner tube 
opens to the outer one at the bottom, and there is a constant circu- 
lation of the water, which assists greatly the rapid generating of the 
steam. There are different applications of this .system of annular 
tubes grouped together ; in some the tubes are of cast-iron, in others 
of wrought-iron, the diameter ranging from 9 in. to 2 in. The special 
advantages claimed for these boilers by their inventors are that they 
heat water very quickly and cheaply, because of the large heating sur- 
face they present, and the peculiar circulation of the water; that they 
are very portable when taken to pieces ; and, most important of all, 
that they are absolutely free from dangerous explosion because of 
their subdivision, since the bursting of any one tube would cause' in- 
convenience only, and not disaster. The chief objections to these 
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boilers are the numerous points liable to leakage, and to become foul 
with bad or dirty water ; and the trouble to the user of putting the 
pieces together. They have not been preferred to other boilers to 
the extent anticipated. 

But so long as engineers or users of steam-power are met by opposing 
conditions — ^as for instance, on the one hand, by a limited space or the 
need for a self-contained boiler independent of all brickwork, or for 
one which will generate steam very quickly ; and on the other hand, by 
the inconvenience of tubes or complications requiring frequent cleans- 
ing, repairs, or renewals — there will remain for consideration how best 
these conditions can be reconciled, and the best result attained. 
The conflicting merits and demerits of different kinds of boilers can 
only be weighed and a proper choice arrived at, on the basis of 
the circumstances enumerated on page i8i. Whatever boiler may 
be adopted, the amount of fuel consumed will of course much depend 
upon its quality, on the proper air-spacing of the fire-bars, and on 
the efficiency of the stoking. Conversely, the kind of fuel which will 
be most effective depends upon the form of the boiler, the shape and 
size of the furnace, and on the draught. Some kinds of coal demand 
a great draught; there are others in which combustion must be 
checked ; and if certain kinds of fuel are more easily obtained than 
Others, it is very important that the boiler should be constructed 
accordingly. 

It is usual in the purchase of boilers to have them tested before 
leaving the manufactory, a test with water to double the intended 
working pressure, and a subsequent test with steam to the maximum 
working pressure being usual. But tests of this kind, though proving 
the absence of gross faults in workmanship, and of flaws in the iron, 
do not alone prove the sufficiency of the boiler for long service. 
Boilers have to endure not only the pressure outwards of the steam, 
but severe strains frpm the alternate expansion and contraction of 
the iron when hot and cold, and also the action of the fire upon the 
plates in and about the furnace. As it is important to have a suffi- 
cient maigin of safety against these contingencies, it is usual to 
stipulate for a certain thickness and quality of iron ; and makers in 
stating their prices may be called upon to specify these points. In 
certain parts of the boiler the quality of the iron is sufficiently proved 
by its enduring the flanging, bending, and other treatment during 
manufacture, but superior iron is generally used also for parts exposed 
to the fire. The value of a boiler dependi^ also on the thickness of 
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the plates and their consequent durability when exposed to wasting 
and corrosion \ and thin plates are not only cheaper to the maker, 
but allow of bending and other operations with inferior iron. 



Stationary Sfeam-engines may be divided into three kinds, and 
placed in the following order:, non-condensing -engines, conden- 
sing-engines, compound-engines. For the first of these, the ordinary 
name was formerly '< high-pressure '' engine, because smce its power 
was derived directly from the steam, instead of from the vacuum 
produced in a condenser, higher pressure was employed than in the 
latter case. But now that high-pressure steam is used in condensing 
engines, the term is not sufficiently distinctive and often misleads. 
The vast majority of engines now made are non-condensing, the ad- 
ditional apparatus required in a condensing-engine occupying space, 
while it renders the machine more complicated and expensive. In a 
locomotive (with a few special exceptions which need not here be 
described), the limited space would alone render a condenser impos- 
sible; and the same objection applies with almost equal force in 
portable engines of all kinds In a marine engine, different condi- 
tions determine a choice, for, unlike the locomotive which need 
only canry coal for a few hours' consumption, a large supply has to be 
carried, the space occupied by which is very valuable. The economy 
in coal, and therefore in the stowage space for coal, which condensing 
engines allow, far exceeds the value of the extra space which a con- 
densing apparatus occupies, and therefore, as water is abundant for 
injection or surface condensation, condensing engines are used in all 
steamers, except small boats for river or harbour service, which can 
take in fresh coal as often as a locomotive. 

Non-condensing-engines were, up to about the year 1850, generally 
worked at a pressure of from 25 to 40 lbs. per square inch ; and the 
steam, after being admitted to the cylinder during nearly the whole of 
the stroke, was discharged into the atmosphere, at a considerable and 
therefore wasteful pressure. Boilers and engines had to be made of 
large size to produce a given power, and the consumption of fuel was 
excessive. It was found, however, that boilers could as easily be made 
strong enough for high as for low pressure, and the practice of using 
steam expansively became general. It is a matter of the simplest 
demonstration, that steam worked expansively, that is to say, high- 
pressure steam admitted to a cylinder for only a portion of the stroke — 
one-third, one-fourth, or one-sixth, as occasion may require — and then, 
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the supply from the boiler being shut off, allowed to expand into the 
increasing space left by the advancing piston, will, by such a method, 
produce a given power with far greater economy than is possible with 
the old system. Steam of 70 and 80 lbs. is now (1880) commonly used 
in stationary engines ; and the advantages obtained are so consider- 
able, that probably even greater pressure will become general The 
principal expenditure of fuel is that incurred in the raising of cold 
water to a boiling point, that for raising the heat and pressure further 
being less in proportion. In other words, it does not require twice 
as much fuel to produce a pressure of 80 lbs. as for 40 lbs., the 
temperature of steam at 80 lbs. pressure being only 37° higher than 
that of steam at 40 lbs. Moreover, space is saved by obtaining the 
best effect from an engine of given size, and the additional cost for 
making the various parts strong enough for the power given, is small 
compared with the advantages gained. 

Locomotives, in which great power has to be concentrated into 
small space, are worked at from 120 to 160 lbs. per inch ; but this 
requires a forcing of the combustion, which does not tend to economy 
in fuel, and is not expedient therefore for ordinary fixed engines. At 
present (1880) it may be stated as an axiom, that non-condensing 
stationary engines should not, if economy be desired, be worked at 
less than 60 lbs., and that a pressure of 80 lbs. is still better, the 
boiler and other parts being of course suitably constructed. The use 
now of higher-pressure steam than formerly, enhances the value of those 
precautions which are necessary to prevent waste by premature con- 
densation. Steam as it leaves the boiler always contains more or less 
water, as shown in extreme cases by " priming ; " and however much 
the pipes and other parts may be enveloped in material which is a 
non-conductor of heat, condensation takes place which increases the 
amount of water in the steam, and there is a loss of pressure which 
implies a corresponding loss of fuel. To counteract this condensation, 
the principle of superheating was introduced. This consists in in- 
creasing the temperature of the steam after it leaves the boiler, so as 
to transform into steam the globules of water held in suspension, and 
beyond this, to dry or superheat the steam to a higher temperature 
than that which corresponds to its elastic force ; and this extra store 
of heat compensates for the loss, which in any case it must undergo, 
in transmission to the engine ; and also tends to prevent the con- 
densation of the steam during the expansion in the cylinder. Various 
forms of apparatus have been used for superheating steam, but in 
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most of them it is sought to conduct the steam, in its passage from 
the boiler to the engine, through pipes or vessels heated by the waste 
vapours from the furnace. It has been found, however, that steam 
superheated beyond a certain point damages the valves, pistons, 
packing, and other working parts of the engine ; and for these 
reasons, the application of this system, even within safe bounds, has 
been greatly limited. A step in the same direction is the making 
of engine cylinders with steam jackets, or, in other words, giving 
them a double shell, so that when the annular space between the 
shells is filled with steam, a high temperature inside the cylinder is 
maintained, thus preventing the partial condensation which the steam 
inside the cylinder undergoes when brought into contact with a sur- 
face of a temperature less than its own. Superheating is principally 
practised in marine engines, but steam-jacketting is commonly adopted 
on marine, stationary, and portable engines. 

A certain stage in the path of economy having been reached by 
using high-pressure steam expansively, and by steam-jacketting the 
cylinders, the next step forward has been to use high-pressure steam 
in condensing-engines. Although the first cost is greater, and more 
space is required, and more working parts are rendered necessary, the 
economy in fuel which the use of condensers allows, far more than 
outweighs these drawbacks in the majority of cases. It is not too 
much to say that the consumption of fuel can at once be reduced by 
from 20 to 50 per cent by using a condenser in a high-pressure 
engine such as just described. Small engines are not, however, usually 
so made, and T2-horse power may be stated as about the point at 
which condensing engines commence. As, however, the gain (which 
ranges from 12 lbs. to 14 lbs. per square inch) aiforded by conden- 
sation is less in proportion to the total force as the pressure of steam 
is increased, condensers are seldom applied to engines working with 
more than 60 lbs. steam pressure. 

The strict analysis to which the operations of a steam-engine have 
been subjected in all its parts, and the unprofitable consumption of 
fuel which such analysis discloses, have led to the closer appreciation 
of the conditions of economy ; and in this direction the introduction 
of compoundrcngines may be considered as the latest improvement 
made up to the year 1880. The principle of the compound- 
engine is the combination of a high-pressure non-condensing-engine, 
worked expansively, with a condensing-engine ; the exhaust steam 
from th« non-condensing cylinder, instead of being discharged into 
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the atmosphere and lost, being transferred at its reduced but still 
effective pressure into the second cylinder worked on the condensing 
system. This method became generally known about 1850 (Wolf's 
system was known much earlier) and its adaptation to marine engines 
took place about 15 years later. Several kinds of compound-engines 
are used ; but they may be broadly divided into those in which there 
are two separate engines, the condensing and the non-condensing, 
working side by side; and those in which the two cylinders are 
combined in one engine. The latter may be taken as, perhaps,^ 
the more perfect, and the less expensive in the majority of cases. 
For sea-going steam-ships, where the stowage of the coal as well as 
its cost is important, compound-engines may be said to be now 
universally adopted. 

It has been attempted, but up to 1880 not on a wide scale, to 
apply detached condensers even to small non-condensing-engines 
where a good supply of water can be obtained, so as at once to 
increase the power of the engine, or reduce the consumption of 
fuel The condenser may be placed in any convenient situation, as 
far as 50 ft. from the engine; the air pumps attached to the condenser 
can be driven by belt from a line of shafting, the exhaust steam being 
brought to it by a line of pipe. These condensers cost from about 
;^25 for an 8-horse-power engine, to £100 for a 40-horse-power 
engine ; and if necessary, the exhaust-steam of more than one engine 
can be taken to the same condenser. For stationary engines in 
foreign countries, it is not always desirable to use condensers, and 
local circumstances such as are enumerated on page 181, must deter- 
mine which kind is to be preferred. 

Another classification of steam-engines is according to their shape. 
The jocking-beam was the form in use for pumping-engines when 
Watt commenced his career, and it was this form of engine which he 
adopted, and in which he introduced all his improvements. The 
ease and smoothness of action in a beam-engine render it perhaps 
the most enduring of all, and the vertical cylinder, in which the piston 
wears more equably than in a horizontal engine, is an advantage valued 
by some engineers. In cases where a steam-engine is required for 
regular, unchanging, and permanent work, at moderate speed, and es- 
pecially also where a breakdown would be attended with disaster — ^all 
of which conditions are, for instance, met with in the case of a pumping- 
engine for supplying a town with water, or in the blowing-engine for 
a blast furnace — many engineers still prefer the beam-engine ; but 
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beam*engines are not adapted for the high speeds which, for other 
purposes, are found advantageous in modern practice. It was 
formerly the custom in spinning factories, engineering workshops, 
and similar cases, to transmit the power of the engine from the fly- 
wheel by belts or gearing, which increased the speed, but it is now 
considered better to work the engine itself at the higher speed and to 
continue the main shaft direct into the factory. This practice alone 
leads often to the substitution of horizontal engines. Beam-engines 
are generally made with condensing apparatus; they are seldom 
made smaller than i6-horse power; they cost from one-fourth to 
one-half more than horizontal engines ; and longer time is required 
for making them. Beam-engines not only cost more, but they also 
require more expensive buildings and foundations ; and it may 
be stated, as an almost universal opinion of modem engineers, 
that beam-engines do not offer advantages sufficient to justify their 
cost, and they are every year becoming fewer, in proportion to other 
kinds. 

Horizontal engines^ of which more are made than of all other kinds 
put together, are simple and compact ; they lie low and steadily on a 
level foundation easily constructed, and are cheap. They are the kind 
now most frequently adopted, even for pumping from mines, where 
beam-engines were formerly universally used For winding from mines 
horizontal engines are also chiefly used, and are fitted with sensitive 
valves, reversing-gear, and powerful brakes, so that though they run at a 
high speed, they can be easily stopped and reversed. The ordinary 
type of horizontal engines may be described as having a long cast- 
iron bed-plate, on which the cylinder, guides, and plummer- blocks 
are bolted ; the bearing-surfaces on the bed for all these parts being 
in the process of manufacture conveniently planed at one operation. 
The feed-pump is in some placed vertically imder the crank shaft, from 
which the necessary power is taken by an eccentric ; in other cases, 
the feed-pump is placed horizontally by the side of the guides on the 
bed-plate, and worked by the piston cross-head. The pump is more 
accessible by the latter plan, but if breakage takes place it is more 
inconvenient there than by the former plan. The above form of 
engine is usually adopted for sizes between 10 and 60 horse-power. 
Horizontal engines of this kind cost from;^i2 to £1^ per nominal 
horse-power lor sizes between 8 and 20 horse-power, and the cost 
decreases per horse-power as the size increases, so that with an 
engine of so-horse power, the cost would only be about ;^io per 
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horse-power. The exact price at any time varies, not only with the 
cost of materials and labour, but with the number of extra fittings 
required. Thus, a link-motion reversing gear, as for winding-engines, 
or special pulleys or drums, involve extra charges. The above 
prices are for engines only, and the cost of Cornish or Lancashire 
boilers with their fittings and connections is, for the smaller sizes, 
more than that of the engine; but above 12-horse power, the pro- 
portionate cost of boiler becomes rather less. There is however, no 
fixed relation between the prices of engines and boilers, as obviously 
much depends on the kind of boilers, and the other circumstances of 
each case. Engines up to 20-horse power, can either be purchased 
ready made, or can soon be finished when ordered. But engines of 
higher power are seldom made except as ordered, and the manufac- 
ture generally requires from two to four months' time. Where 
condensing-engines are made of the horizontal form, the condenser 
is either placed at the outer end of the bed-plate, and the air-pump 
and injector-pump worked by an extension of the piston-rod ; or 
the condensing apparatus is placed below the bed-plate, and the 
pumps worked by a small rocking-beam, bell-crank, or quadrant. 
There are numerous arrangements differing in detail according to 
both these plans. 

When more than 50-horse power is required, the question arises 
whether a pair of engines is not preferable ; and it becomes difficult 
to suggest rules for guidance which are not likely to mislead, as in 
almost all such cases there are special circumstances which have to 
be considered. Where there is a likelihood of increased power 
becoming necessary in the future, the engine-house and foundations 
may be constructed with a view to the after addition of a second 
engine to the crank-shaft of the first ; and the crank-shafl may be 
made long enough for such addition, and strong enough to transmit 
the additional power. 

The great demand for horizontal steam-engines of small power has 
led several manufacturers to establish standard patterns of their 
own, which by constant repetition can be made very cheaply. The 
parts are few and simple ; the bed-plate is short, because the cylinder 
overhangs, and one principal casting suffices for bed-plate, guides, 
and plummer-block. This form of engine is chiefly ^opted for 
sizes between 3 and 20 horse-power, any of which can be purchased 
ready-made, for about 20 per cent, less than the horizontal engines 
just described 
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Vertical engines are very useful where floor area is limited, as 
considerable power can be obtained in a small space. But unless the 
walls can be utilised for the attachments, wide base-plates are needed, 
and the foundations are more expensive than those for horizontal 
engines. Small vertical engines are made in various forms, as de- 
tached engines with separate boilers, or as complete self-contained 
semi-portable machines with boiler and engine in one. Wall-Engines 
may be described as horizontal engines placed vertically, and bolted 
to a wall instead of to the ground, as the general arrangement of the 
-parts is in other respects similar. When a strong wall is available this 
mode of fixing the engine is often very useful, as the crank-shaft can be 
continued directly as a line of shafting at a convenient height from the 
ground. It is becoming usual, in large engineering factories where 
there are numerous machines, to erect several small engines instead of 
one large engine, so that the machinery in any one department can, if 
necessary, be kept going without working the whole engine power, 
thus reducing the inconvenience from accidents by dividing the risks 
over numerous engines. * In cases like these, where there is a range 
of workshops side by side, the engines working in each gable wall 
may be made a symmetrical feature in the architectural design. Wall- 
engines cost about the same as horizontal engines. 

Ever since steam-engines were first introduced, there have been 
constant attempts among inventors to design an effective ^^/a/j steam- 
engine ; and the problem is a fascinating one, because a continuous 
circular motion is obviously more desirable — if it can be satisfactorily 
obtained — than a reciprocating motion which has to be changed into 
a circular one. Although many rotary engines have proved success- 
ful in the sense that they have done effective work, none of those in- 
vented up to the year 1880 are likely to supersede the ordinary types 
of engines ; and of the best it must be said, that while they are 
ingenious and novel, they afford no real saving as compared with 
other and more usual engines. Many of these machines are more 
effective as force-pumps than steam-engines, but even in these respects 
novelty and ingenuity recommend them, rather than any superiority 
over other kinds of pumps. 

The compactness which the rotary engines if successful would 
afford, has been obtained by an ingenious application of the ordinary 
reciprocating piston. Brotherhood's engines have three steam 
cylinders arranged round one shaft, to which the three pistons con- 
verge, and to the one crank of which they give motion. The crank- 
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shaft can be coDtinued directly from the engine as a line of shafting, 
or the power can be transmitted from a pulley on the crank-shaft in 

Mode of workinff. the Ordinary way. The pistons are single-acting, the steam being 

admitted only on the hinder side ; and as the pistons are made deep 
enough to guide themselves in the cylinders, the connecting-rods are 
hinged directly on to the piston, after the manner of trunk -engines. As 
there is no '' dead centre,'* a fly-wheel is unnecessary, and the connect- 

Run smoothly and ing-Tods being always in compression, the engine runs more smoothly 
quickly. ^j^^^^ j^ possible iu the case of an ordinary engine where the connect- 
ing-rod is alternately pushing and pulling the crank-pin. As the 
How applied, stroke of the pistons is very short, a moderate piston-speed per minute 

allows considerable velocity, so that the engines can be attached 

directly to such machines as fans, circular saws, dynamo-electric, or 

centrifugal machines, and also to the screw propellers of steam 

Advanuffea. launches. The engine can be easily reversed while running, and 

the valves are so arranged as to allow of the steam being worked 
to any degree of expansion ; but those above lo-horse power do not 
allow so great an economy of fuel as fixed engines. Their compact 
Compact and shape and few parts allow them to be made cheaply, so that they 
^^* can be purchased at a price less than that of a horizontal engine 

of the same indicated horse-power, calculated on a steam-pressure 
and piston-speed alike in both cases. These 3-cylinder engines have 
been very successful since their introduction, and besides their use at 
ordinary pressures for the purposes named above, have been applied 
in a peculiar way to the concentration of great force in a small space 

by'^mprerndTair ^^^ propelling fish-torpedoes. Air compressed till it affords an ex- 

in torpedo engines, pansive force of i,5oo Ibs. per square inch is used instead of steam, 
SeefageiH' and by this means an engine weighing only 30 lbs. can be made to 

exert, for a few minutes or more (according to the size of the air 
reservoir) a force equal to 50 indicated horse-power. While, how- 
ever, engines worked by high-pressure air may be useful in special 
cases, the trouble and expense of compression forbids their use for 
ordinary purposes. These 3-cylinder engines can also be worked by 
water, either as original motors or with force concentrated by an 
accumulator. 

Catalogues and The publication of catalogues and price-lists has done much to 

price lisu. remove the mystery which formerly attended the manufacture of 

steam-engines, and has greatly extended the facilities for export. The 

commerce in engines of uniform pattern also allows the use of special 
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tools and economical methods. Formerly, engines were designed 
only for their ultimate purpose, and machinery was applied to the 
manufacture, only so far as the shape of the various parts permitted; 
now, to a considerable extent, the tools and methods are the starting 
point, and the parts of the steam-engine are designed to meet their 
capacity. The use of the lathe has especially been extended, and 
operations formerly performed by hand-labour, or by slowly-working 
planing-machines, are now more quickly accomplished by rotary motion. 
The uniformity which cheapens price does not, however, allow of 
such exact adaptation to the purpose in view, as is possible where 
each engine is made specially ; for the shape and dimensions offered 
by the manufacturer must be accepted \ and alterations, if demanded, 
generally involve an extra cost, out of propoi:tion to the advantages 
obtained. There are, however, certain modifications which manu- 
facturers allow, with little or no addition to the price — such as making 
the engine right or left-handed, and altering the position, or diameter, 
or weight of the fly-wheel. 

The diversity afforded by the catalogues of numerous manu- 
facturers, often enables a purchaser to obtain an engine suited to his 
purpose ; but the number of manufacturers who are on equal terms 
in regard to quality is very limited. The custom of buying from 
catalogues is followed mostly for steam-engines of less than 20-horse 
power; for as the number of engines of similar kind that can be sold 
becomes rapidly less when lo-horse power is exceeded, manufacturers 
are seldom disposed to keep large engines in stock; and, moreover, the 
necessity for variations of established patterns and dimensions, and the 
expense of obtaining theip, become greater as the power increases. 
Engines beyond aorhorse power are therefore seldom kept ready made, 
but are made to suit exactly the purpose of the purchaser. As, how- 
ever, a considerable portion of the original cost of an engine is that for 
drawings, templates, and foundry-patterns, manufacturers always endea- 
vour to utilise those they have ; and it is almost always advantageous 
for purchasers to adopt such patterns. Not only is the cost so reduced, 
but manufacturers and their workmen do best what they are accus- 
tomed to da For this latter reason, it is generally inexpedient to present 
to one manufacturer the designs of another for production ; a course 
sometimes followed by those who wish for competitive prices. Where 
not only a general design or shape which is freely open to imitation 
is so transferred, but details which have been obtained from the rival 
manufacturer are supplied, such a course is also unfair. 

N 
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Dimensions of It is usual in the commerce in steam-engines, for the manufacturer 

engine stated by ii-..,. . ••» i_ 

seller. to State the leading dimensions to the purchaser, or, at any rate, the 

Setpagtibt. diameter of the cylinder and the length of the stroke, because these 

dimensions, with a given working pressure of steam, afford an approxi- 
mate measure of power and value. The particulars which determine 
Stepageibs. the value of the boiler have been already described. The manufac- 
^* TCCMuiJ*an?*** ^"^^^ should be called upon to state the pressure of steam and rate 
speed. of Speed wMch he recommends and on which he has based his 

Seepage 160. calculations, and it is generally desirable to adopt these in the actual 

working. Particulars of this sort are frequently given even in the 
printed catalogues of engine-makers; and when the purchaser is 
satisfied with the reputation of the manufacturer, he requires no more, 
other initievUca But where the engine i3 one offered by the seller for a particular pur- 
pose, and especially where the expenditure involved is considerable, 
it is usual to give other dimensions also, and to enumerate the various 
See pnge 13. accessories. But while these points do much to allow an appraise- 
ment of value and a comparison of prices, the responsibility for their 
fitness for the proclaimed purpose, should be left with the manu- 
Difficuity of facturer. But unless there be some knowledge of, and confidence 

comparing , ,, ,, . 

tenders. in, the Seller, it is almost impossible to decide as to the compara- 
tive merits of various tenders. In some cases, if the weight to be 
supplied could be ascertained, it would immediately disclose that 
By weight. ouc maker intended to give a machine more solid and substantial 
than another. On the other hand, if strength is to be obtained by 
thickness and weight of parts, rather than by excellence of material 
Not conclusive, and design, such a comparison will mislead, for mere weight may be 

given on account of doubt or errors in design, may involve undue 
friction in working, consume excessive power, and may be allied 
Examination and with rough workmauship. A.n examination in the first instance by an 
nspec on. engineer of the drawing and specification, and an inspection after- 
wards of the workmanship and movement under steam, may in many 
Engine tested by cases be the Only sure tests. It is for the above reasons that there is 
actual working, generally so much wider divergence in numerous tenders for steam- 
See pp. J, 7, 12, 13. engines and machinery designed by the respective competitors than in 

those tenders based upon some common design or bill of quantities. 
Engines fixed and When a Stationary engine is bought for use in the country of 
**'*makcr/" ^ manufacture, the maker is generally employed to ^x it in place, and to 

verify, by running it under steam, the accurate fitting of the moving 
and bearing parts. For export, engines not exceeding 20-horse power 
can generally be so tested in the factory, and this should be made a 
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condition of purchase. The engines should be worked continually 'at 
full speed for several hours, and then the piston, slide-valve, and 
other wearing parts examined, and, if necessary, eased or adjusted. 
Preparatory working of this sort sometimes affords an opportunity 
for measuring the strength of the engine, but such a trial demands 
very great care and watchfulness to render it trustworthy, and if the 
engine has been properly made the dimensions and steam pressure 
will sufficiently demonstrate the available power. 

Engines of the same nominal power differ so widely in design and 
workmanship, that a mere comparison of price is worthless as a mea- 
sure of cheapness. Among the circumstances which should determine 
a choice, the following almost always apply : — 

The stroke of the engine should be long enough to afford the de- 
sired power, at a proper piston-speed without an excessive number 
of revolutions. As a general rule, it may be said that high speed 
gives the greatest power for a given size of engine, and that a 
moderate speed gives the best results for a given expenditure of fuel. 

The slide-valve gear should not only allow for the use of steam 
expansively, but should be capable of adjustment j and the apparatus 
for doing this should be simple for the engine-driver, and not liable 
to become deranged. The governor or other anangement for 
regulating the speed should be automatic. 

The framework and fixed parts of the engine should be strong ; 
the joining surfaces well machined, and the bolts tightly fitted, so as 
to prevent the parts of the engine shaking loose or out of true line. 

The bearings and other moving parts should be of ample area, and 
so well fitted as to cause the minimum of friction in working. 

Provision should be made in wearing-parts like the guide-bars for 
adjustment and taking up the wear. 

Certain parts of the engine, such as the piston-rod, connecting-rod, 
and crank, should be made of high-quality wrought-iron or steel ; and 
there should be a proper amount of gun-metal (brass) in the bearings 
and other parts. 

The moving joints, such as in the link-motiot), valve-gear, and 
governor, should have steeled surfaces, or be case-hardened, so as not 
to wear loose. Although assurances as to case-hardening are jilmost 
always given by engine-makers, it is a troublesome operation often 
imperfectly performed ; but when properly done it adds greatly to 
the durability of the engine, for it renders the surfaces as hard as the 
hardest steel, without the accompanying, brittleness. • 
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It almost always happens in the setting to work of a steam-engine 

Extraparta and that extra p£urts or fittings are needed beyond those actually pertaining 

'''^^'^' to the engine, and the mere printed price of a manufacturer or dealer 

seldom includes more than the engine itself, for as the accessories or 

Vary according to extra parts vary with each engine, the price must be determined by 

purpoae. ^^ necessities of each case. An engineer or manufacturer who is 

consulted by a purchaser, and made fully acquainted with his wants, 

ought to specify and enumerate all that is required; but very often 

inaufficient prices or tenders are based on insufficient particulars : this most fre- 

information. quently happening with inquiries from abroad. As the price of 

the engine alone may form but a small proportion of the whole ex- 
penditure, and a tender apparently the cheapest prove afterwards to 
be the dearest, it is very desirable at the commencement to ascertain 
See page 49, ^"^ describe everything that is wanted, so that one contract may 
serve for all. 

Unless otherwise specified, a steam-engine, if without boiler, does 

not include any piping, and even when a boiler also is purchased, 

close contiguity of boiler and engine is assumed, and only the pipes 

Steam pipea extra, necessary Under such circumstances included. The extra parts, 

which vary in almost every case — but of which some or all are 
generally required — ^are the steam-pipes between engine and boiler, 
exhaust-steam pipes, suction and delivery pipes for feed-water, and 
the holding-down bolts ; and all of these differ according to the 
arrangement and dimensions of the buildings and foundations. 
Reversing gear. Liuk^motion reversiug-gear, as necessary for a winding-engine, is 

not supplied except where it, or the purpose which would render it 
Secondary shafts, essential, is specified ; nor are secondary shafts, wheels, or pulleys, for 

transmitting the power of the engine. Among other additional parts 
which may be required and which involve extra cost, are peculiar 
Special extras, or scusitivc govemors, safety-valves, or automatic regulating appa- 
ratus of a novel or exceptional kind. The extra parts are some- 
times entirely outside the special functions of an engine-maker; 
girders, columns, or other structural ironwork in connection with 
the building, being frequently required. 
Duplicate parts. The supplying of duplicate parts is a question quite distinct from the 
ee pages 40a r . fQ^egoing, and one that depends principally on the destination of the 

engine, and the facilities for obtaining what is wanted^ as the need 

arises. Few or no duplicate parts need be purchased with engines 

Specially needed' for use in the countrv of manufacture, but for distant countries it 

in distant , . i , ... 

countriea. is usual to purchase With the engine spare beanng-brasses, fire-bars, 



Part II.] The Purchase of Steam-engines. 1 8 \ 

and even a spare piston ; while in cases where the temporary failure 
of the engine would involve great loss or inconvenience, a dupli- 
cate engine is kept ready for working ; and it is a common pre- 
caution — even in the country of manufecture — ^to have one or more spare boiien. 
spare boilers* available for use while those that have been working are 
being cleaned or repaired. 

The carriage of an engine to its destination often involves trouble Carnage to aitc. 
and expense, and especially so if the engine be one of considerable 
power, or if the means of transport be limited. But while it may save 
much cost in carriage to have small or light pieces, such economy 'of^piecea!' 
may be too dearly purchased. For instance, it is a great advantage to sn pagtsss *utd 40. 
have an engine bed-plate in one piece, so as to ensure solidity and 
firmness in all the parts connected to it; and a double rate of carriage 
may be amply justified to prevent the division of such a piece. Or 
sometimes an engine may be sent almost entire, with cylinder fixed and 
slide-valve adjusted. The skilled labour in re-erection, which division sidUed labour to 

_ *. , « . . erect engines. 

for transport of such parts renders necessary, is sometimes very ex- 
pensive. Thus a boiler, if divided into pieces, not only cannot be 
tested satisfactorily at the manufactory, but requires skill, not always 
available at the site of erection, for riveting and caulking the joints. 

In a well-designed engine the parts are kept as light as is consis- Lightneaa of parts, 
tent with strength, not only to save expense in manufacture, but 
to reduce to a minimum the weight of the machih^.and the power 
necessary to work it. But in engines made for export to foreign Extra strength 

■ reouired abroad* 

countries, where repairs are not easily executed, and where the in- 
convenience or loss from a ^'break-down " are serious, the ordinar}- 
margin of safety may sometimes be increased with advantage. 

The kind of steam-engine which is best suited for export to a foreign choice of engine, 
country can only be properly determined on the basis of the following 
particulars, of which, some or all, as they may be found to apply to a 
particular case, should be' furnished by the purchaser. 

1. The purpose for which the engine is required, and how far it is Purpose, 
for temponuy or permanent use. 

2. The power required, or such particulars of the service as will Power, 
allow the power to be calculated by an engineer. 

3. The kind of engine and boiler already in use in the country, or Accustomed kind. 
to which the workmen are accustomed. Local reasons for or against 

any particular kind. 

4. The space available for the engine and boiler, and its level as space avaiubie. 
regards the ground, floor, or other datum. If the space be limited, a 
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plan and section should be provided so as to show whether it is length, 
width, or height that is limited. If a vertical engine be required, the 
walls or buildings' available for attachment, should be described 

5. So much description of the machinery to be driven and its 
speed as will allow a proper provision to be made for connecting it 
to the engine, or transmitting the power. If the machinery is already 
provided, sketches and dimensions of the shafts, wheels, or pulleys 
to which connection is to be made, must be given, and their speeds. 
If there is any reason why the engine should be right or lefl-handed, 
(the crank-shaft on the right or left side, looking from the cylinder), 
it should be stated. 

6. A description of the building in which the engine is to be fixed, or 
if a house, chimney and foundations have to be designed, particulars 
of the building and roofing materials available. The nature of the 
soil on whidi the engine and boiler house are to be built ; whether 
the soil is dry, or can be drained; whether it is liable to floods; 
and all particulars by which the level and nature of the foundations 
can be decided. 

7. The kind of fuel which is to be used, and its kind and quality 
as compared with some standard English coal. If coal is not obtain- 
able, a description should be given of the wood, saw-dust, peat, oil, 
straw, or refuse available, and their comparative cost and abundance. 

8. The water available for the boiler, or for a condenser; its 
quality and abundance ; the level or situation of the reservoirs in re- 
gard to the engine ; whether in a well, pond, river, tank, or in pipes. 
If from some public source, the head or pressure ; if to be purchased, 
the cost of the water, and how it is measured. 

9. The facilities for landing machinery at the port of arrival, es- 
pecially for heavy or bulky pieces ; the import duties payable, and 
how assessed; the nature of the roads and means of transport from 
the port of arrival to the site. 

10. The kind of workmen available for erecting the machinery, 
for acting as engine-drivers and stokers, or as mechanics for making 
repairs. 

11. The kind of engineering factories, foundries, or workshops — if 
any — available for repairing or replacing damaged or worn-out parts, 
and the time which would be needed to import fresh part^. The import- 
ance or otherwise of keeping the machinery always at work, and the 
periods of rest available for repairs. This information is necessary, 
not only to the proper choice of engine and boiler, but for deciding 
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on the duplicate parts which shall be provided. In the case of large 
engines with heavy pieces, particiilars should be furnished of the tools 
and plant available in the country, such as cnines and winches, and 
engineers' tools for fixing the engine in place. 

There are cases where a steam-engine cannot apparently be ap- 
plied, but under certain circumstances it may be possible and 
exx)edient to bring steam from a considerable distance; and com- 
pressed air or water may even be used to work an engine originally 
constructed for steam. 



See Cha^. XVII. 
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Portable Engines {locomobiles), introduced first for agriculturists, 
are employed for a variety of purposes, in all parts of the world. They 
are shaped like a locomotive, and have also a multitubular boiler, 
but the engine is fixed upon, and not beneath, the boiler. Portable 
engines are usually made with one cylinder only up to lo-horse power, 
and above 12-horse power always with two cylinders. The double- 
cylinder arrangement has the advantage of distributing the strains 
from the engine better on the boiler, and of giving a more equable 
motion. Although portable engines are made up to 30-horse power, 
their use becomes of doubtful expediency beyond 20-horse power, 
and the great majority of those made are between 6 and 12 horse- 
power. Fitted with wheels and axles like an ordinary wagon, the 
portable engines can be drawn from place to place by horses ; and 
being complete and self-contained can be set to work at any time. 
The inconvenience of providing horses for drawing th^ m has led in 
many cases to the substitution of self-propelling gear on the engine 
itself. This arrangement is, however, subsidiary, and not of primary 
importance as in a traction engine. No special skill is required to 
manage portable engines, and experience has proved them to be very 
free from liability to accident. In agriculture, portable engines are 
used for corn-thrashing machines, for cutting and bruising cattle-food, 
for the haulage of steam-ploughs, for the raising of water for irrigation, 
and for the ginning of cotton. By contractors, they are used for lifting, 
pumping, sawing, pile-driving, and mortar-mixing; by miners, for wind- 
ing, pumping, and ore-crushing ; and for all sorts of purposes and 
places where engines are wanted for only temporary or experimental 
service. There are districts in some countries, where the need for 
such engines is greater than in England, and the engines in use are 
proportionately more numerous. To refer to Europe alone, portable 
engines of English manufacture, may be counted by hundreds. 
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driving thrashing-machines in the large corn-growing districts of 
Russia, Turkey, or Hungary ; while in £gypt, for the low lands irri- 
gated by the Nite, amidst the various machinery for raising water, 
portable engines attached to centrifugal-pumps are the most frequent 
of all. The improvements, which successive years have produced and 
which are now combined in a modem high-class portable engine, may 
be enumerated as follows : — 

Up till the year 1865, a steam pressure of from 40 to 45 lbs. per 
square inch was usual, and in the competitive trials established by 
the Royal Agricultural Society of England, the maximum was restricted 
to 45 lbs. per inch ; but the advantages of using steam expansively 
having become manifest to engineers, higher pressures were allowed, 
and it may now be taken as an axiom agreed to by engineers, although 
not yet understood by all users, that a pressure of from 60 to 80 lbs. is 
best suited to the economical development of the portable engine. This 
method of using high-pressure steam, which may be considered the 
most important of all the improvements, demanded suitable boilers. 
By innumerable experiments, carefully recorded, the proper propor- 
tions of such parts as fire-box, grate-surface, tube-surface, have been 
arrived at; and in order to produce a sufficient supply of high-pressure 
steam from a boiler of moderate size, the combustion is stimulated by 
the discharge of the exhaust-steam into the chimney in the manner 
usual in locomotives, and a separate steam-jet is generally provided 
for stimulating the draught before starting. Waste of heat is pre- 
vented as far as possible by covering the boiler with felt, on which are 
placed a lagging of wood and an outer covering of sheet-iron ; and 
by making the cylinders with steam-jackets as already described. 
Superheating of the steam beyond this has not proved successful 
in portable engines. The feed-water is heated nearly to a boiling 
point by the exhaust steam, and heat is thus returned to the boiler 
which would otherwise be wasted. By well-arranged bearing-surfaces, 
balanced parts, and careful workmanship, the friction of the engine 
has been reduced to a minimum, and its durability increased. 

In the early trials before the year 1850, the consumption of coal, 
even in the best portable engines then made, was from 10 to 15 lbs. per 
effective horse-power per hour ; but by means of the improvements enu- 
meratedabove, the consumption has been reduced to from 3 to 6 lbs., 
and the effective force brought up to 3 or 4 times the nominal horse- 
power, according to the pressure of steam and speed of the engine. As 
a consumption so low as 3 lbs. has been only arrived at in competitive 
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trials by skilled engineers and with carefully-selected coal, it may be 
fairly reckoned that a consumption of from 4 to 6 lbs. will be neces- 
sary under ordinary circumstances. If the coal be of inferior quality, 
or if the combustion be forced too much, the consumption will be 
greater. The actual power given out by the engine as measured by 
a dynamometer or a friction-brake, and not the gross or indicated 
horse-power, is that which has been adopted for comparison ; and 
this must be taken into account when comparing the service t>f a 
portable engine so measured with other engines whose '' indicated " 
horse-power is alone ascertained. Where wood-fuel is used, a weight 
of about three times that of coal may be reckoned as an average con- 
sumption. For burning wood, the fumace^loor and fire-box are made 
larger than for coal, and a spark-catcher i3 attached, the alterations 
adding about £^\ per nominal horse-power to the ordinary price. In 
some corn-growing countries, where coal or wood is scarce, the straw 
from the thrashing-machine is utilized as fuel by means of an ingenious 
self-feeding apparatus, so attached to the front of the boiler that 
the straw is taken into the furnace at a regular and proper rate. In 
this way, about one-tenth of the straw from the thrashing-machine 
is sufficient as fuel. Engines made in this way, cost from ;^2 to £,^ 
per horse-power extra, according to the exact method and patent 
royalty. 

The exact repetition of similar parts which the manufacture of 
similar engines allows, is an advantage utilized to the utmost by the 
principal manufacturers of portable engines. Special machine-tools 
and automatic processes have been invented for doing what in other 
cases has been done by hand-labour, or ordinary machines \ and by 
these improved means, three distinct results have been obtained — 
excellence of workmanship ; interchangeability of parts (so that when 
any are worn out, others, kept ready, or sent from the factory to re- 
place them, will fit exactly) ; reduced cost. 

The prices of portable engines fluctuate like those of all other 
machines, according to the cost of material, briskness of trade, and 
other circumstances. Taking an 8-horse power engine as repre- 
senting the kind most in demand, the price during the twenty years 
ending 1880 has ranged from ;^2oo to ^^280, and the prices of 
other sizes in like proportion. The following are about the average 
prices that have prevailed : — 4-horse power, £^7^ > 6-horse power, 
^200; 8-horse power, ;£^23o ; lo-horse power, ;£^27o; i2-horse 
power, ;£'32o. But these prices, though mclusive of everything 
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necessary to the working of the engine, are exclusive of all extras, 
alterations, or duplicates. Thus a feed-water heater, feed-water in- 
jector, expansion valve, link-motion reversing-gear, spare bearing- 
brasses and fire-bars, all add to the cost; and from £^\ tO;^3 per 
nominal horse-power must be added if these are required. For travel- 
ling on the road, or by railway, the chimney is lowered, and the engine 
is covered with the tarpaulin which forms part of its ordinary equip- 
meift, no other packing being required . The same plan applies for short 
voyages, when the engine can be taken on the deck of a steamer, 
except that the detachable fittings are packed in a small case. For 
long voyages, the wheels and chimney are detached, and the engine 
must be packed in a case, at a cost of about 3 per cent on the price 
of the engine. On landing, and if needed for inland transport, the 
wheels can be attached without unpacking the engine. The weight 
of portable engines packed, ranges from about 3 tons for an engine 
of 4-horse power, to 10 tons for one of 20-horse power; but the 
measurement tonnage at the usual rate of 40 cubic ft. to the ton, 
is about double these weights. 

The manufacture of portable engines forms a special trade, and 
English-made engines stand first both in regard to design and quality. 
It is expedient to purchase only from manufacturers of known repu- 
tation j even in first cost inferior engines are but little cheaper. Such 
engines soon deteriorate ; and in case of re-sale the absence of the 
name of a good maker lowers their value even more than at first. 
The importance of well-proportioned parts, good material, and work- 
manship, so necessary in all steam-engines, is enhanced in the case of 
portable engines, which often have to bear very rough usage, and if 
defective, soon wear out. The quality of the iron and brass, the use of 
steel where beneficial, the accuracy of the fitting, and the proper case- 
hardening of the joints, are all points which determine value. The 
choice of a portable engine depends on the following circumstances: — 
I. The Power required. It is always economical to have ample 
power, as an engine and boiler are soon worn out if they are forced 
above their proper capacity. The pressure and piston-speed specified 
by the maker as best should be adhered to as far as possible. 
The power can be approximately calculated, if the work to be done is 
described ; thus, if for a thrashing-machine, its kind, size, and the name 
of the maker should be given ; if for a circular saw, its diameter, 
speed, and the kind of timber ; if for pumping, the kind of pump the 
quantity of water per hour, and the height to which it is to be raised^ 
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2. The Purpose for which the engine is intended. Although the same The purpose, 
portable engine may be applied to a variety of uses, certain minor 
arrangements can be made with advantage to meet special cases. 
Thus the diameter of the driving-wheel may be made to suit the pulley 
of a machine to which the power is to be applied. If for winding 
from a mine, reversing apparatus becomes necessary. The relative 
position of the engine and machine to be driven must be considered 
so far as it will determine whether the engine is to be right or left 
handed. Unless otherwise specified, 'the fly-wheel which serves also 
as the driving pulley, is generally on the left side of the boiler looking 
from the firing end. The engines can be constructed either way, and 
some makers arrange the crank-shaft so that the fly- wheel can be fixed 
on either side at will 

3. The Climate and locality. The choice of iron or wood for the 
wheels, and certain other minor points, can be modified to suit ex- 
tremes of climate. If the engine is required in a country where repairs 
are difiicult, certain spare or duplicate parts should be provided. 

4. The kind of Fuel to be used. Unless otherwise specified, the The kinds of fuel 
furnaces are made of the form and dimensions suitable for coal of 
average English quality. But almost every kind of fuel can be used 
— wood, turf, peat, dung, straw, or refuse cane, and if the kind of fuel 
be known, the furnace and boiler can be made accordingly. 

5. The mode of Draught. Shafts on poles for a pair of horses or 
oxen are supplied with the engine, and if above 7-horse power, 
double shafts if preferred. The nature of the attachment preferred, 
and whether for horses or oxen, should be stated by the purchaser. 
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The advantages afforded by portable engines lead sometimes to their 
misapplication. The two distinguishing features in a portable engine, 
and to which it owes its value, are its self-contained completeness ; 
and as a result of this, the facility with which it can be moved from 
place to place. But though this second quality, the portability, is that 
for which these engines were designed, and is that which really justifies 
their use, .they are in foreign countries often chosen where no porta- 
bility is needed, and because only of their completeness and readiness. 
In many of such latter cases, it is a mistake to use portable engines 
made in the ordinary form. It is doubtless a temptation to any one 
who requires steam-power, and especially where the purchaser or user 
is not an engineer, to procure an engine ready for use, which requires 
no foundation, house, or buildings, and not even an engineer to set it 
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to work : and where the engine is intended for a merely temporary 
purpose, these advantages are real ; but for the purposes of a per- 
manent stationary engine they are delusive, and in the end involve 
considerable unnecessary expense. 

A portable engine resembles a locomotive in its multitubular boiler, 
and, as already explained, these boilers wear out very fast, as com- 
pared with simpler kinds. The fact that steam can be generated 
quickly, and that a comparatively small boiler can produce a great 
deal of steam, is not generally of primary importance in a fixed engine, 
except where mere space is very valuable or buildings expensive. A 
horizontal engine has, under ordinary circumstances, a much longer life 
than a multitubular boiler ; but where it is affixed to the boiler, as in a 
portable engine, its life ends with it. Moreover an engine fixed to a 
boiler — ^however careful the workmanship— is not on a sufficiently solid 
foundation ; its parts sooner become loose and irregular than in a 
properly fixed engine, and moreover, they shake the boiler, and hasten 
its destruction. These facts are so obvious, that no engineer would 
propose to so construct an engine and boiler, except to satisfy the 
exigency of portability, or to render it self-contained. The diffi- 
culties of erecting an engine in its place, of setting a detached 
boiler, and of connecting the pipes, are oflen over-estimated, for 
if proper instructions be supplied by the manufacturer of the engine, 
the purchaser, with the assistance of an intelligent blacksmith and 
mason, can efiectually set such an engine going. To meet these ob- 
jections, various forms and degrees of compromise between fixed and 
portable engines have been devised. The first is that of substituting 
rigid iron supports for the wheels of an ordinary portable engine. 
These supports allow the engine to work more steadily than if on 
wheels, and at the same time the whole machine remains self-contained 
and complete. It can be carried whole by ship, and to its destination, 
and can be removed if the necessity arises. A level and firm base 
should be provided for this dass of engine. In French locomcbiUs it 
is customary to fix the working parts of the engine on one bed-plate 
bolted upon the boiler, so as to save the latter from strain during 
working. But the desired end is not entirely gained, and the engines, 
being less simple and accessible than those made according to the 
English method, have not been adopted elsewhere. In England 
another plan is that of placing the engine below the boiler, and on 
the same iron bed-plate with it on a base of masonry or timber. By 
this means the advantage is obtained of having the engine on a solid 
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base, independent of the boiler, so that the latter can be removed 
or replaced ; the machine, at the same time, remaining complete 
and self-contained There is the same disadvantage in this plan, as in 
a locomotive, that the parts are not easily accessible, and that leakage 
from the boiler, and dust from the furnace, damage the engine; 
although if thb boiler be well made, there need not, with proper atten- 
tion, be any leakage. Engines of this class, or of the one described 
above, are useful in confined spaces, such as mines or small factories. 
The next step is to separate entirely the engine from the boiler, 
while retaining the latter in its ordinary locomotive shape. This is in 
effect a horizontal engine with separate multitubular boiler, as already 
described, and need no longer be discussed under the head of por- 
table engines. 
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TractiorinEngines, as a combination of locomotive and portable Traction-engines, 
engines, need a separate description. These engines are of different 
kinds, the main distinction being between those where traction of heavy 
loads is the primary object, and known in England as Road loco- 
motives, and those in which power to be given to another machine is 
the chief consideration, and the moving from place to place with 
the machine behind it is subsidiary. The latter kind ar^ generally 
known as Agricultural locomotives. The first kind is also useful 
to the agriculturist in connection with certain forms of steam- 
ploughing, to contractors or others for hauling wagons, or to an 
army in the field for drawing heavy guns; the second is used 
for drawing thrashing and other machines (to which when they are 
at work it gives power) from one farm to another. Great improve- 
ments have been made in traction-engines, and there is no doubt that 
in the future, when the legislative restrictions (1880) to the use of 
steam-engines on the high roads are removed, they will be utilised 
much more than hitherto. The wheels are arranged with broad tires, 
which consolidate rather than cut up a road, and the earlier plan 
of equipping the wheels with rails, which were laid automatically, 
has been abandoned, as it was complicated and troublesome; and 
although difficulties often arise in passing over soft ground, they 
can be overcome, as in case of need, planks laid temporarily as a road 
will suffice. Traction-engines, in^the form of boiler, and in having the 
engine fixed to the boiler, resemble portable engines, but are much 
more expensive. Traction-engines for use as road-locomotives are 
made generally from 4 to 12 horse-power; and for hauling steam- 
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ploughs from lo to 20 horse-power; the prices ranging from about 
;£"40o for an engine of 4-horse power, to ;^7oo for 12-horse power, 
and about ^1,000, for 20-horse power. The smaller engines are 
sometimes fitted as cranes, a projecting jib being attached to the 
front of the boiler. By this means the engine can lift heavy loads 
into the wagons, as well as haul the load. This crane airangement 
adds about 10 per cent to the cost of the engine. The following 
particulars are necessary to a proper choice of a traction-engine : 
(i) The purpose for which it is required and the weight of load to 
be hauled ; (2) the quality and gradients of the road; (3) the kind 
of fuel to be used ; (4) the climate ; (5) if for export, the facilities 
for shipment and landing. It may be taken as an approximate 
guide, that a traction-engine weighs about one ton per nominal 
horse-power, and that where the gradients do not exceed 5 per cent 
it will draw on a good road twice its own weight, or three times its 
weight on a level ; but much depends on the condition of the road. 
Four-wheel wagons to cany four tons, fitted with brakes of a kind 
suitable for haulage by a traction-engine, cost about ^^70, and for six 
tons about ^80. If only the wheels and other ironwork are required, 
the cost is about one-third less. 

The steam Road-Roller is another ingenious adaptation of the road 
locomotive, and is successfully used in London and other large cities 
for consolidating newly-laid macadam. These engines are made to 
roll a width of firom 6 to ^\ ft., with rollers generally about 5 ft 
diameter : the total weight is from 10 to 20 tons, and the cost from 
^500 to ^800 each. 
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It may be stated as a general rule in the purchase of steam-engines, 
that those of less than 20-horse power may be selected with advan- 
tage from the stock of a manufacturer or dealer, and that the cheap- 
ness and convenience which such a course allows outweigh the 
minor objections to accepting a fixed type and a ready-made machine. 
For more than 20-horse power it is generally desirable to have an 
engine made expressly, although the existing patterns of manufacturers 
may be utilised as far as possible. But in cases where less than 
lo-horse power is required, the earlier question has to be considered, 
whether it is expedient to adopt a steam-engine at all, and whether 
some other kind of motor should not be preferred. The expenses 
and inconveniences which attend the use of a steam-engine bear 
heavily on those of small power. The skilled attendance required, 
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the risk and inconvenience of fire and smoke, the difficulty of ex- Disadvantage* of 
amining and repairing small boilers, the loss of time between the 
lighting of the fire and the setting to work, have led to a growing 
opinion among engineers that steam-engines are not the best suited 
for small industries ; although for engines above lo-horse power, these 
inconveniences have not, in the absence of alternative methods, proved 
sufficient to outweigh the advantages gained. For small engines these 
drawbacks were for a long time accepted as unavoidable, and they 
often prohibited the use of steam altogether. There are cases, however, Favourable caaes. 
where the drawbacks to the use of small engines are lessened by the cir- 
cumstances attending them. Theabsenceofaboilerisaninstance; such 
a case occurring often in fi&ctories and other places, where small engines Smaii engines 

J/" !• 1*^1 jv ^ •/••i_jr with steam from 

are used for workmg machme-tools, and where steam is furnished from a laz^e boUers. 
large boiler situated in a safe and convenient place for other purposes. se« page is- 
The question then generally resolves itself into one of power-trans- 
mission, and the small engine is Used because it is judged more con- 
venient to bring power by steam in pipes from a boiler not too distant, 
than by shafting from a large engine ; or because it is preferable to 
have a small engine available for a single or isolated machine instead 
of keeping a large engine at' work for the purpose ; or where, as in the 
case of a donkey-engine for feeding the boiler of a large engine, not Aadonkey-enKines. 
only no separate boiler, but no additional engine-driver is needed ; or, se€ page 20s. 
as at a steam crane the compactness which a small engine allows may 
be unobtainable by any other means, and the crane attendant manages 
the engine also. But in places where boilers and fires are inconve- Boilers often 
nient, as in crowded cities, or where the expenses of attendance bear. °'^o°^*^" ^ 
too high a proportion to the advantages obtained, other means are " ^"^ ^^' 
available and have become widely adopted. For although steam has 
proved the cheapest means of changing fuel-force into mechanical 
power, and the one which affords the widest scope for general applica- 
tion, yet other methods may be preferable where the cost of fuel is 
not a point of the first importance ; and if gas-engines maintain the 
position they have already (1880) attained, even the question of fuel 
will for them appear more favourable. 

Gas-engines, hot-air engines, and water-engines, are the kinds Substitute* for 
which have hitherto been successfully used. Electric engines can '™* eng>ncs. 

11 J ... I'l* i>i« See Electric 

only be used as original motors at an expense which is prohibitory on Engines,/. ^. 
any but the smallest scale ; and such engines may be considered only 
as a means, available in peculiar circumstances, of transmuting power 
for tfensmission to a distance. 
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GaS'Engines utilise heat-force in a manner quite different from that 
of a steam-engine — combustion, explosion, and expansion being 
combined in a peculiar way. If judged by expenditure of fuel, 
gas-engine3 do not differ very much from steam-engines of small 
power, for it is seldom that steam-engines of from i to 6 horse-power 
consume less than lo lbs. of coal per indicated horse-power per 
hour. A gas-engine as made in 1880 consumes from 20 to 25 cubic feet 
of gas per indicated horse-power per hour, which at 4s. per 1,000 feet, 
amounts to about id., and is the equivalent of about 10 lbs. of coal 
at about 25s. per ton. But if, in a steam-engine, the fuel needed to 
raise steam from cold water when the fire is first lighted be taken 
account of, as well as that consumed during intervals when the engine 
is idle, the average consumption will, of course, be greater than that 
measured only when the engine is working, and, where the service 
is intermittent, will perhaps be twice as much ; while in a gas-engine 
no such unprofitable expenditure is incurred, as the engine begins to 
work directly the gas is lit, and stops working immediately the gas is 
extinguished. As in a gas-engine there is not the same continuous 
pressure on the piston as there is in a steam-engine, the fly-wheel 
serves even more than in the latter to equalise the speed, and by 
its means, and by the effective governor which is used, the con- 
sumption of gas can be made to accord with the work done ; the 
combustion or explosion of the gas occurring with a greater or less 
frequency, as power is required, whilst the fly-wheel stores up the 
energy thus given at intervals. The percussive action on the piston, 
and the effect of the gas on the slide-valve, have rendered these the 
most vulnerable parts of the machine, and those which have most 
frequently needed renewals, but the expense and trouble from these 
causes have been greatly reduced in the improved gas-engines since 
1875. Gas-engines do not need such continuous and careful atten- 
tion as the use of a steam-boiler involves, as there is neither fire to be 
fed nor water-level to be maintained, and therefore they are usefiil in 
private houses, or in printing factories, laundries, or in warehouses for 
cranes or hoists, and for the latter purpose may usefully pump water 
for a hydraulic lift. In city workshops, warehouses, or crowded 
buildings, a gas-engine has the great advantage of freedom from that 
risk of fire which the use of the steam-engine involves ; and the 
cost of insurance is not increased by their use in such buildings. Gas- 
engines are often useful as auxiliaries to large steam-engines, either 
to supply the boiler with water or to drive one or more ma<!hines 
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when but little power is needed. They are also used with advan- 
tage- for pumping up hydraulic accumulators, for opening dock gates 
or bridges, or wherever the service is too spiall or intermittent for the 
economical use of a steam-engine. The possible use of gas-engines 
for giving power to dynamo-electric machines has been already re- 
ferred to. It is questionable if it would be expedient to construct 
gas-making apparatus merely for the use of a single gas-engine ; but 
it might be expedient for numerous engines or where illuminating 
gas was also required. 

Gas-engines are made of various sizes, from pne-fifth horse-power 
to lo-horse power, the price ranging from ;^sq to ;£"3So> the smallest 
size occupying a space of about 6 ft. by 2 ft 6 in. An engiiie of 
I -horse power occupies about the same ^pace, and costs about ;£^ioo; 
one of 4-horse power costs about ;£^i8o, and one of 8-horse power 
£y2^o. Only very special circumstances would have (1880) justified 
hitherto the use of gas-engines for higher powers ; but as improve- 
ments are being effected, which reduce the consumption of gas, and 
render more durable the parts exposed to the action of the gas, the 
limit of size an(} power, within which such engines are now so useful, 
will be extended. 
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Somewhat the sarpe conveniences as those afforded by the gas- 
engine may — in places where there are no gas-works— be obtainable for 
small powers by Hot-air engines in which the expansive force of com- 
pressed air is increased by heating it. The ordinary air-engine is not 
an original motor, but one supplied (if need be, from a distance of 
some miles) by a separate air-compressor, and the air is applied, very 
much in the same way as steam, to propel, by its expansive power, a 
piston working in a cylinder ; and sometimes the force is increased 
by heating the air. But the air-engines used as substitutes for small 
steam-engines are complete and self-contained machines, in which a 
large proportion of the gross power is spent in compressing the air 
which is then heated ; and it is only the extra force due to the heat- 
ing — less of course that consumed in friction-^that is utilised profit- Mode of working 
ably. In the simplest kind of hot air-engine there are two cylinders, 
one in which the air is compressed, and the other in which it expands 
and does its work. At the bottom of the working cylinder is a 
small furnace for heating the air, and this can be so arranged as to 
burn with only occasional attention. These engines are most suitable 
for powers of from J -horse power, to 2 -horse power, and can be con- 

o 
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veniently used in private houses or small workshops, the smoke being 
taken either through a sheet-iron chimney, 8 to 12 ft. high, or into an 
ordinary house chimney or flue. For organ- bellows and other pur- 
poses, where but small power is required, the heat may be supplied 
from gas-burners. An air-engine of J-horse power occupies about 

Space occupied, j square ft. of ground space, stands 4!^ ft. high, with a fly-wheel 2 ft. 
Prices. diameter, and costs about ;£"4o, while a 2-horse power engine — and 

they are seldom made larger — costs about ^140. The consumption 
of fuel is more than in a gas-engine, but this may be, under certain 
circumstances, of small consequence if compared with the advan- 
tages afforded. These engines are very useful for either continuous 

Engines useful or intermittent pumping, where the quantity of water required is 
or pump ng. ^^^ enough to justify the cost of a steam-engine and engine-driver. 

For instance, at a roadside railway station the water-supply for 

Set Chap. XXI. locomotives may be thus maintained, and the occasional attention 

of a labourer or porter may suffice to keep engine and pump going. 

Water-engines. Water-Ettgiftes are made of various kinds, but in the mode of ap- 

ager plying them may be divided into three categories, first : — those which 

Are of three kinds, ^re available as original motors for utilizing directly the natural gravity 

force of a waterfall or rapid ; secondly, those which utilize the gravity 
force of water which has been pumped up by a steam-engine, water- 
wheel, windmill, or other original motor to an elevated reservoir; 
and thirdly, those which derive an artificially-concentrated force from 
an accumulator-load kept continually lifted by a pumping-engine. 
The water-engines in the second and third categories may be, and 
See Chap. xviL generally are, worked at a considerable distance from the original 

motor, and are therefore adjuncts to a system of power-transmission, 
but it is those in the second category alone which are generally 
available as substitutes for small steam-engines, although it is not un- 
see page 82, likely that the accumulator system, which is so widely used for cranes, 
may be extended to, and rendered available for small motors also. 
Transmuted force. The transmutation of force derived from some original motor in- 
volves loss or expense, and therefore needs justification, which in the 
case of water-power is found in the convenience for transmitting to a 
distance and distributing in various directions, in quantities however 
small, power derived from a large central motor. But these advan- 
tages, which render water-power convenient and economical for small 
Costly for large engines, are not sufficient to warrant its use for large powers, where 
powers. ^^ ^Qgj Q^- pressure-water would bear so high a proportion to the 
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total expenses as to render the direct use of a steam-engine preferable. 
The selling price of water in English towns varies considerably, but 
not according to the pressure, and therefore watet which may be 
cheapest according to the ordinary measure by quantity, may be 
dearest for power purposes. 

In a town-supply, although payment for water for domestic con- 
sumption is, for convenience, assessed by a r^te according to the 
value of the houses, large consumers are supplied by measure of 
quantity, and prices vary from 4d. to 2s. per 1,000 gallons. But, 
as high-pressure water can seldom be obtained at the lower price, 
and as the higher price prohibits the use of engines, the cost accord- 
ing to force lias a narrower range, and if water from the public mains 
were bought for use in water-engines, probably 6d.. to 2s. per horse- 
power per hour would, with few exceptions, include the highest and 
lowest prices charged in England. These rates practically forbid the 
use of water motors, except for direct acting hoists or other inter- 
mittent purposes where the consumption is small The rates are de- 
termined not so much by the expense of pumping up the water, as 
by the fact that the corporations who own or control the supply 
seldom favour the use of water as power, and are unwilling to sell 
it at rates or prices so measured. In England, gas-engines, though 
dearer to purchase, can in the majority of cases be much more 
cheaply worked than water-engines; and when the latter are preferred, 
it is generally for one or more of the following reasons ; namely, 
where water may happen to be cheap and coal-gas dear ; or because 
the water has a value after it has done its work in the engine, as in a 
paper-mill, dye-house, or brewery; or because a gas-engine is objected 
to on the score of nuisance, or as requiring more attention than a 
water-engine; or because the greater space occupied bj the gas-engine 
is of consequence ; or because of the small cost of a water-engine. 

Where there is an abundant supply of water, and a site for an ele- 
vated reservoir, a municipal body, or others who have control, might 
often, with great advantage to the community, promote local manu- 
factures, especially those of siiall extent, by selling the water as 
power, and encouraging its use by moderate tariffs. Indeed, when 
concessions or monopolies for the supply of water are granted, 
stipulations to this effect might often be inserted with advantage. On 
the other hand, where seasons of drought or restricted supply occur, 
such stipulations might need so many qualifications as to render the 
use of water-engines altogether inexpedient. 
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Small waterrcngines are of various kinds, but, omitting water-wheels, 
there are three principal types — ^first, engines having a fixed cylinder — 
almost always horizontal — with a moving piston, like a steam-engine ; 
second, oscillating cylinders, also with a moving piston ; and third, 
rotary engines, sometimes with a revolving piston, but more frequently 
in the form of a turbine. The first kind are used for pumping, for 
hoists and cranes where a long stroke and slow motion are required, 
the second and third for small motors of considerable speed for 
giving a rotary motion. Water-engines ot these kinds are small and 
compact, with few working parts, and have the advantage that they 
can be easily started and stopped instantaneously, and involve neither 
heat, fire, nor smoke. The value of a water-engine increases rapidly 
with the degree of pressure available; for not only does the power which 
an engine of certain size and occupying a certain space affords increase, 
but the price of water, if measured by units of force, is almost always 
cheapest when of high pressure. As an almost invariable rule, it is 
inexpedient to use a water-engine when there is less than 60 ft. head 
of water (26 lbs. per sq. in.) and the advantages increase up to 500 ft. ; 
the exception being when there is a very abundant supply which can 
be utilised by a turbine. The pressure in the public water-mains of a 
towp seldom exceeds 300 ft., and is generally less. Care is necessary 
not to reckon too certainly on the nominal pressure of a town-supply, 
as there are various causes — such as the abstraction of water from the 
mains for other purposes, or the obstruction caused by bends, valves, 
and meters in the communicating pipes — which diminish the pressure 
in actual working ; and the difficulties which arise are sometimes 
increased or maintained by the action of the corporate body who 
sell the water. 

The cost of water-engines may be conveniently stated not according 
to their power, but according to that capacity for power which the 
actual pressure available must determine. For instance, an engine 
with a pair of oscillating cylinders 4 in. diameter with a stroke of 8 in. 
and occupying a space of 2 ft. by i ft. 6 in. by 2 ft. high, would with 
a 100 ft. head of water give out 2 indicated horse-power, while the 
same engine would be strong enough to give out 6-horse power with a 
300 ft. head of water. Smaller engines of this kind, expressing from \ 
to I horse-power, cost from ;;^2o to ;£'4o. 



\See also Purchase for Export: The Establishment of 
Factories : Transmission of Power : Pumping Engines : Pipes.] 



CHAPTER XX. 

tUMPINQ-ENGINES. FIRE-ENOINES. 
TANKS. PIPES. TUBES. 

Engines for pumping need a classMca- Pumping enginn 
tion of their own, apart from those for Undi. 

general uses described in the preceding 
chapter ; but though all applied to this 
' one general purpose jof raising water, the 
forms, systems, and methods employed to meet the various dlRicultiea 
which occur are of the most diverse kinds. Too often, however, the 
inventors or manufacturers of pumps which may be suitable under 
certain conditions ignore or do not sufficiently describe the clrcum^ 
stances under which their machines would be unsuitable ; and un^ oftn miMppiied. 
necessary expense or complete faUure generally attends the use of 
pumps so misapplied. It is not intended here to describe all kinds 
of pumps, nor to compare their merits, but only to draw attention to 
the leading points by which a choice should be determined. 

The incidents already described as affecting the choice of a steam- Lcmiint paints m 
engine, are most of them applicable to steam pumping- engines also, 
and need not again be enumerated ; but there are obviously others 
which apply particularly to pumping. The quantity of water to be Qaaniity. biiiht. 
raised in a given time being known, and the height to be lifted, 
some or all of the following circumstances have then to be con- 
sidered, namely — (i) The kind of force available or the reasons for "ind o( force. 
and against any particular form of poweri such as animal or manual 
force; or power derived from steam, water, or wind; or from shafting. 
(a) The special purpdse of the pump; whether temporary or perma- PurpoK. ■ 
nent; for raising large volumes of water to a small height, as for irri- 
gation ; or for raising water to a great height, as in a mine. (3) The situation. 
locality or situation of the pump, which may render certain kinds of 
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pumps desirable or impossible. (4) The horizontal distance, the 
total Idngth of the line of pipes, and the diameter of the pipes. The 
power required to overcome the friction of the water in the pipes 
depends upon th^se circumstances. The choice of a pump is often 
wholly determined by secondaiy questions, and the first cost and the 
powef consumed iii working may be made subordinate to the neces- 
sity fdi: fixing the pump in a particular place, or the driving it from 
some existing boiler or steani^ngine or running shaft 

Pumps may be classified as Lifting-pumps^ Forcing-pumps^ and 
Pt^surepumpSy all of which have a bucket or plunger with a recipro- 
cating motion. Outside this classification afe Centrifugal-pumps and 
Ckdin-pumps. Rotary forcing-pumps are not included in any of 
these categories^ but they aire riot for the present purpose of sufficient 
importance to need more than a passing reference. 

Lifting-pumps have for their characteristic feature the hollow 
bucket through which the water, after it hsLs been forced up by 
the atmospherd during the forward stroke, jiasses as the bucket 
returns. This kind of pump is thdt most generally known, and 
it is employed almost invariably for pumpihg from wells; though 
sometimes a forcirig plunger is combined with a lifting bucket 
Commencing from the familiar hand-pump, which can be purchased 
for £^x and upwards, the sizes increase until the use of steam- 
power becomes expedient. There is an infinite variety of shapes 
and methods of placing these pumps and of appl3dng the power, and 
hundreds of engravings wduld hardly suffice to show the various 
patterns made by different manufacturers. For pumps worked by 
manual force, the cost will range from ;^io for a pump capable of 
raising with one man 2 gallons 40 ft. high per minute, to £^2<^ for one 
capable of raising 7 gallons 50 ft. high with two men. Beyond these 
capacities steam or other artificial power becomes necessary, and the 
cost depends on various circumstances other than the quantity of water 
and the height. As these lifting-pumps are so frequently used for 
moderate depths, and are generally in such cases fixed on the ground- 
level, it is necessary to remember that, as the vacuum formed by the 
pump is able to draw only from a depth of about 25 ft, the effective 
part of the pump (the working barrel) must be placed below the 
ground and within 25 ft. of the water when a greater lift is required. 
If, besides lifting the water to the ordinary level of a discharge spout 
or pipe on the working barrel, it is desired to raise the water stiU 
higher through a rising main to the ground-level or above itj then 
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the joints and other parts of the pump must be made sufficiently 
strong and water-tight to resist the pressure of the column of water. 
Suction-pumps of this class are not suitable for raising hot water, as 
the steam prevents the formation pf a vacuum ; and, therefore, for hot 
water it is usual tp employ a force-pump placed below the level of 
the water to be raised. 

Force-pumps have a solid bucket, or plunger, or piston, which 
works in a barrel, box, or chamber, furnished with inli^t and outlet 
valves ; the water flowing through the inlet valve into, the chamber 
as the retreating plunger leaves a vacuum behind it, and being forced 
through the oudet valve into the rising main by the plunger as it 
returns. But although this general priticiple is common to all force- 
pumps, which may be, and are, used for lifts up to 2,000 ft, the 
pumps vaiy in detail as much ot more than do lifting-pumps. 

A plunger passing through a stufHng-box is generally used fbr single- 
acting pumps ; but for double-acting pumps^ ist solid pistoti or bucket 
with a piston-rod is necessalry, so that the alternate opelrations of 
suction and pressure may be performed as well above the piston as 
below it. " Bucket and plunger " piimps are those in which a forcing 
plunger is fixed above the bucket on the same rod^ so that while 
there is only a single-acting suctioh as the bucket ascends, there is a 
double forcing or delivery, a3 the plunger is arranged so as to force 
both' at the forward and return stroke. The advantage so obtained 
is carried further in some cases by the use of two engines, each with 
two discharges, so that by thus having* fout discharges the oscillations 
or shocks incident to single-acting pumps are avoided. The con- 
tinuous flow of water which is afforded by double-action pumps is 
sometimes obtained by a series of single-acting pumps working side 
by side from one shaft, the most unifofm being the "three-throw 
pump." 

Manual power is seldom used for force-pumps, the great ttiajority 
being worked by steam throiigh the medium of cranks or eccentrics 
from a revolving shaft. For pumps of considerable size, requiring more 
than 4-horse power, a separate steam-engine is generally attached to 
the pump, steam being supplied either from a boiler of corresponding 
size, or from a larger boiler used for general purposes. Smaller 
pumps are worked from shafting driven by a steam-engine or other 
motor. The latter method is adopted, for instance, in breweries, dye- 
houses, and chemical works for the numerous small pumps which are 
required at various places, even where the principal pumping is 
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eflfected by a special steam-engine. While, however, it is con- 
venient thus to utilise shafting which is already established for trans- 
mitting power to pumps of moderate size, it is seldom expedient to 
bring power more than 50 ft. in this way. Where possible, the pump 
should be brought nearer to the motive power, and where this is not 
possible or convenient, the alternative plan should be considered of 
attaching a steain-iengine to the pump, and bringing steam from a 
distant boiler, for there is by such a plan much less loss in trans- 
missioii than by shafting. It is in cases like these, where contiguous 
power is not obtainable, but where steam can be brought in pipes 
fVom a distance, that steam -pumps are particularly useful 

Non-rotative pumping-engines for raising water from mines are 
alnlost invariably made as force-pumps, with solid plungers or pistons ; 
but those for the supply of towns have often the combined bucket 
and plunger. The earlier pumping-engines for both these purposes 
were almost all made with rocking-beams of the familiar type. Re- 
sembling each other in general form and principle, beam pumping- 
engines may be broadly classed in two divisibns, as non-rotative and 
rotative; a varying preference being shown for one kind over another 
by different engineers. In the rotative engine the beam is attached by 
a connecting-rod and crank to a revolving shaft, and there is a fly- 
wheel ahd continuous motion : in the non-rotative the beam has an 
intermittent motion, and there is no revolving shafl or fly-wheel. In 
both alike, the rocking-beam receives its motion at one end from the 
piston-rod, and at the other giv^s motion directly or indirectly to the 
pump-rods. It may be said generally, that the non-rotative engines 
are applied principally to deep mines, where water has to be lifted 
from a constant depth, the long and heavy pump-rods being attached 
directly to the beam which overhangs the mine shaft, the beam, 
when the weight of the pump-rods much exceeds that of the column 
of water, being partly balanced by a " bob " or counter- weight In 
the rotative engine the fly-wheel equalises the motion and power 
under the altfering pressures of steam used expansively. These 
erigines are almost always preferred to non-rotative engines at 
water-^orks, or wherevet the higher level to which the water is to be 
raised is above the level of the engine, and where, therefore, what- 
ever thiB height and wteight of the column of water, there is no 
great load of suspended pump-rods. There is the advantage in the 
rotative engine that the speed of the pump-bucket, as regulated by 
the fly-wheel and crank, accords with what is best suited for the 
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passage of water through the valves, starting or putting the water in 
motion with a gradually increasing speed so that the valves open easily 
at the commencement of the stroke and close gently at the end. In a 
non-rotative engine, on the other hand, the stroke of the pump com- 
mences with a high speed, and elaborate valve arrangement and careful 
supervision are necessary to prevent an over-stroke of the piston, the 
ingenious motion of the " cataract " being substituted for the direct 
control which a crank affords. Moreover, if the steam for such an 
engine be used expansively to prevent waste of fuel, the pressure on 
the steam-piston, and consequently the power of the engine, which has 
no fly-wheel to store up and equalise its force, are not the same at all 
parts of the stroke, while the resistance of the column of water in 
the pump is constant ; and this inequality is sometimes the cause of 
breakage where the variation is very great. There are various secondary 
or minor considerations which assist a choice between these two 
kinds, and it is only engineers speciall))^ acquainted with such matters 
who can decide in a particular case upon the best kind. 

The regular an(> smooth working of the beam-engine is considered 
by many engineers to render it particularly suitable for continuous 
pumping for the water<supply of towns, the minimum risk of stoppage 
more than compensating for an increased first cost As already stated, 
the extra expense of a beam-engine, as compared with a horizontal 
engine, lies not only in the engine itself, but in the extra expense of 
foundations and buildings. As an example, a beam condensing 
engine and boilers, for pumping 60,000 gallons of water per hour to 
a height of 300 feet, would cost in England from ;^6,ooo to ;£"7,ooo, 
and the foundations and buildings about ;^3,ooo j while a hozizontal 
condensing-engine of similar capacity would cost, with foundations 
and buildings, about one-third less. When^ as is often the case, 
pumping-engines are erected in duplicate as a reserve against accident, 
the difference in cost is of course increased. The continued favour 
in which the beam pumping-engine has been held so long has been 
probably owing to the economical working which has been obtained 
with such engines. The high cost in Cornwall of fuel brought 
from a distance stimulated all inventions which economised heat ; 
and the introduction of the Cornish boiler and improved beam-engine 
were keenly appreciated ; while on the other hand, in the northern 
parts of the island, the abundance of cheap coal rendered the con- 
sumption of fuel a question of slight importance, and directed the 
attention of mine-owners to mere saving in first cost Therefore, 
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althougli beam-engines were formerly used in the north, and continue 
to be used there, they have not been worked so economically as in 
Cornwall. The horizontal engine has, as a cheaper type, been widely 
adopted, and the majority of new engines in the northern counties are of 
this form. For pumping from deep mines by a horizontal engine on 
the ground-level, motion is given to the pump-rods by bell-cranks or 
quadrants, and in some cases, in small mines, or where the pumping 
is not important, the same horizontal engine both pumps and winds. 
Direct-acting vertical engines are also used for pumping from mines, 
and are known as bull engines, the steam cylinder being placed 
directly over the mine shaft, so that the piston pulls directly on the 
pump-rOds. Engines of this class will pump as much as 600 ft. in 
one lift, and no quadrants or bell-cranks are required. But though 
such engines are cheap and involve much less expenditure on build- 
ings than other kinds of engines, they consume much fuel and are 
therefore only adopted where fuel is very cheap. 

The principal difficulties in deep-mine pumping are in the trans- 
mitting of power from the engine on the surface to the pump far 
below ; in the enormous weight of the column of water in the rising 
main ; in the packing of the stuffing-boxes of the pump plungers to 
remain water-tight ; and in the maintenance and smooth working of 
valves and valve-seats under the great pressure. In deep mines it has 
been customary to divide the total operation into several lifts o( 
practicable dimensions. Thus, one pump is placed at the bottom of 
the mine to raise the wat^ to a certain height into a reservoir or 
'' sump," from which another pump raises it to another reservoir, and 
so on till the surface is reached. By this means the pressure upon 
the pipes and valves, as determined by the height of each separate 
rising main^ is kept within practicable limits. But the weight of 
pump-rods to work these pumps is very great, and in mines 1,000 ft: 
deep and upwards the suspended pump-rods will weigh as much as 50 
tons. Among the most important improvements in connection with 
deep-mine pumps have been in the " clacks," valves, and valve-seats, 
and in the material of "which they are made. The enormous load 
under which the valves have to open and shut subjected them to 
severe shocks, and, notwithstanding all precautions, pumping opera- 
tions are frequently interrupted by the bursting or breaking of the 
valves and valve-cases. In fact the efficient working of the pump 
may be said to depend on the proper construction of these parts, to 
which accordingly, the ingenuity of engineers has been much directed. 
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Various fonns of double and treble beat valves and equilibrium- 
valves have been invented from time to time, which allow large 
quantities of water to pass at each stroke with but slight lifting of 
any one valve^ and the percussion consequent on the closing of the 
valves has been reduced to a minimum. 

In regard to the expenditure of force for producing certain results, 
the service performed by a pumping-engine is so very evident and, 
as compared with most of the miscellaneous duties performed by 
steam-engines, allows of such easy measurement, that any improve- 
ments obtained which save power become at once apparent. The 
number of gallons per minute, and the height lifted for a given ex- 
penditure of fuel, are the simple factors in the calculation ; or if, 
instead of gallons, pounds of water be taken, then by the customary 
units of foot-poimds, the service obtained by each horse-power or by 
each pound of coal, can be conveniently measured. At the time 
when Watt commenced his improvements, the atmospheric steam- 
engine then used at the Cornish mines were, at their best, capable of 
raising 70,000 lbs. of water one foot high for each lb. of coal con- 
sumed. Not only, however, did the fuel produce a result thus small, 
if judged by modern standards, but the pumping was limited to a 
certain depth, because the engines, with a pressure only equal to that 
of the atmosphere against a vacuum, could not, with any convenient 
or practicable size of engine, produce a power to overcome more 
than a certain weight of water and pump-rods. Thus, mining in 
Cornwall was till Watt's time limited to a moderate depth, and 
minerals below were all inaccessible. Watt's valuable improvements, 
by which the effective force obtained from an engine of given dimen- 
sions was increased, also allowed a great saving in coal^ for his 
engines proved capable of raising 200,000 lbs. of water one foot 
high for each pound of coal ; or, if judged by the standard of horse- 
power, was equal to a consumption of 9^ lbs. per effective horse-power 
per hour. By various improvements in the arrangements of boilers 
and furnaces, by using steam-engines expansively, and especially by 
the use of compound engines, the quantity of water raised one foot 
high, or, as usually stated, the duty of the engine has been increased 
to about one million lbs. per lb. of coal consumed, or, to state it by 
the more familiar measure of horse-power, only about 2 lbs. of coal of 
average English quality, are consumed for each effective horse-power 
per hour, the exact consumption depending of course on the quality 
of the coaL There is no kind of purpose to which the steam-engine 
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is applied which allows such equable results as are obtained from 
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A valuable addition to the methods previously available for raising 
water has been made by the invention of direct-acting Steam-Pumps^ 
of which many thousands have been sold in England and America 
during the ten years ending 1880. The principle of these machines 
is in their direct action, the pump and steam-cylinder being placed 
close together in a line upon one bed-plate, the piston-rod from 
the steam-cylinder being continued into the pump, and attached 
to the water-piston. The rudimentary difficulty in such a direct-acting 
pump is obviously the maintenance — without a fly-wheel and without 
the elaborate apparatus which is used in a non-rotary beam-engine-r- 
of continuous action. This is however so completely effected that the 
engine can be made to move with equal certainty at one or one hun- 
dred strokes per minute, as the amount of Work may demand. The 
proportion which the diameter of the steam-piston bears to that of 
the water-piston depends of course upon the height to which the 
water is to be lifted, /.^., upon the available pressure on the one 
hand, and on the weight to be overcome on the other. With a 
given pressure of steam on a piston of given area, a certain weight 
can be lifted, and this weight may either be a short column of great 
diameter or a high column of small diameter, or, in other words, a 
great quantity of water for a short height, or a small quantity for a 
great height ; and the size and power of a steam-piston may be 
made of any reasonable proportion necessary to overcome the pres- 
sure opposed to it 

For the numerous purposes of pumping in factories, breweries, 
chemical works^ and other places where the quantity of water to be 
raised is from 1,000 to 10,000 gallons per hour, and the height to be 
lifted is between 20 and 250 f t, ; pumps of some size between 3 in. 
and 7 in. diameter, with steam-cylinders of from 3 ia to 14 in. dia- 
meter, are sufficient, the stroke ranging from 9 in. to 24. in. Steam- 
pumps of these sizes are, because of their simplicity and compactness, 
very cheap, and any combination of steam-cylinder and pump within 
the above limits can be purchased (exclusive of boilers and piping) at 
some prite between ^20 and ^120. The quantity of water which 
•can be pumped in a given time depends on the size of the pump- 
cylinder and the number of strokes per minute ; and manufactiirers 
rate their pumps accordingly; But the height to which the water can 
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be raised depends upon the pressure in the steam-cylinder. If 
there were no loss in working, it is obvious that the steam-pressure 
would have to exactly balance the weight of the column of water. 
That is to say, in order to raise water 100 ft high, a pressure of 43 i 
lbs. per square inch would suffice if the piston were of the same area, 
because a column of water 100 ft high weighs 43^ lbs. per square 
inch, so that for each lb. of pressure the water would be raised 
about 2 ft But as there must be loss from friction and other causes, 
it is usual to assume only i^ ft of height for each lb. of steam if the 
pump-piston and the steam-piston are of the same diameter, and on 
this basis the results which cylinders of different diameters would 
afford may be also calculated. As an example, a pump with a water- 
piston and steam-piston, both of 4 in. diameter, and an effective 
length or stroke of 12 in., will with 50 strokes per minute propel 
about 3,000 gallons per hour. With steam of 40 lbs. pressure, the 
water could be raised to a height of 60 fl., and with steam of 80 lbs. 
pressure, 1 20 ft. ; but if a steam-cylinder and piston of 8 in. diameter 
(which affords an area four times that of 4 in.) were used, the same 
pump, if maintaining the 50 strokes per minute, would with 40 lbs. of 
steam, raise 3,000 gallons 240 ft. high. A pressure of from 50 to 70 
lbs. per square inch would probably afford the best results ; but as 
purchasers are not always inclined to work at such pressure, only 40 
lbs. is usually assumed by the manufacturers in calculating the size of 
pump necessary for a certain service. For situations where a steam- 
boiler is not already available, and where one has to be obtained, 
the steam -pump can be purchased with a boiler attached to it, form- 
ing when so arranged a complete self-contained pumping-machine, 
the cost, however, being nearly treble that of the steam-pump alone. 
In factories where there is no boiler from which steam can be 
obtained, or lines of running shafts by which power may be given 
to ordinary pumps, these self-contained steam-pumps are very con- 
venient 

Pumps of this kind are valuable chiefly for their compactness, 
simplicity, and cheapness; but they consume more fuel than do 
non-condensing engines in which high-pressure steam is used expan- 
sively and much more than well-arranged compound engines. The 
consumption of fuel in pumps of the sizes described above is, however, 
often of little consequence compared with the advantages afTorded. 
But for pumps of larger capacity, and for raising water from deep 
mines, economy of fuel becomes a matter of the first consideration, 
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Pitted with and to meet these cases, while still retaining the peculiar advantages 
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of the direct-acting steam-pumps, the latter can be fitted with con- 
densers (the exhaust-steam being discharged into the suction-pit)e of 
the pump in a very simple manner), and the application of the com- 
pound system to these pumps promises (1880) still further to improve 
them ; but the mode of working forbids so great an economy as is ob- 
tained in compound engines. For deep-mine pumping much larger 
sizes than those above described are made, pumps up to 14 in. 
diameter, and steam-cylinders up to 40 in. being practicable and usual, 
the total cost in such extreme cases ranging from ;;£ 1,000 to ^2,000, 
including boilers. These engines, when used for mines, are placed at 
the bottom of the shaft, and force water to the surface in one rising 
main. The absence of long pump-rods, of numerous valves and 
clacks, and the direct action of the steam-piston which, as above 
described, is graduated in size to meet the exigencies of the resisting 
pressure, allow these machines to pump from the mines even 1,000 ft. 
deep in one lift, the pipes and pipe connections being made propor- 
steam supply from tionately Strong. When the pump is thus placed below ground the 

steam may be supplied from a boiler on or below the surface ; and it 
is found that, if the pipe be properly protected, the condensation is 
not inordinate and the loss of pressure between boiler and pump, 
after the pipes have become warmed, need not exceed \ lb. for each 
100 ft Steam-pumps, as above described, are so self-contained, 
that little preparation or foundation is necessary to receive them. 
Not only do they occupy little space, but in a mine, the steam-pipe 
does not interfere with the free use of the mine shaft for other pur- 
poses, while with an ordinary mine pump, the rods and other gear 
require, in many cases, a separate shaft. In temporary work, for 
instance, where a new mine has to be explored, and where, therefore, 
the continuance of the pumping is doubtful, the large saving in 
capital outlay is of great importance. 

Pumping- engines worked by water instead of steam are useful, 
either where water sufficient in pressure and quantity is easily and 
cheaply obtainable as power, or in other cases where the use of steam 
is inconvenient or impossible. Thus the current of a river may, by 
the means of turbines or wheels, pump up the water to an elevated 
reservoir. In mines where the water occasionally rises above the 
place where the pumping engine is placed, an engine which would 
have to stop working if dependent on steam, could continue pumping 
if worked by water. A small quantity of water having great pressure 
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can be applied to raise a larger quantity of water to a less height, and 
where the pumps are submerged, can pump the mine water to an in- 
termediate level, where steam or other ordinary pumps are available 
for raising it further. But while this method is thus useful under 
special circumstances, it would generally be a wasteful application of 
power where ordinary methods are available. 

Water can be applied as power under conditions the feverse of 
those above described, /.^., a lai^e volume of low-pressure water can 
be used to pump a small quantity to . a great height Self-acting Hydraulic rama. 
hydratdic-ramsy as they are called, placed near a stream or waterfall, 
can be applied to force water to a height ten times that of the fall. 
Small machines of this sort for forcing from 300 to 5,000 gallons 
per hour cost from ;^ 10 10^^40, exclusive of piping. 

Various other kinds of pumps not referred to here have been 
introduced to meet peculiar difficulties of locality or purpose; but 
many of these new inventions have little to recommend them but the 
novelty and ingenuity of their design. It will generally be found seWom successful, 
that the conveniences afforded by exceptional contrivances for pump- 
ing on a small scale are neutralised by practical difficulties and great 
consumption of fuel when it is attempted to apply such pumps on a 
large scale. Rotary force-pumps have been" designed in various ways, 
and have been more successful than steam-engines of that form, be- 
cause there is not the difficulty connected with a rotating steam-piston. 
Indeed, most of the rotary engines which have been designed will 
serve as pumps when driven by some other motor, and many of such 
engines have found their only real use as pumps. Or if two such 
machines be coupled together to one shaft, one will serve as motor to 
drive the other as pump. Small water-engines are often applied in 
this way, but rotary pumps, as hitherto (1880) made, are not likely to 
supersede pumps with the more usual reciprocating movement. 
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Pressure-pumps are those which have to overcome some force other Pressure-pumps. 
than that of the rising main or column of water, and the two principal 
applications of these pumps are for feeding steam-boilers and work- 
ing hydraulic presses. For supplying steam-boilers in the earlier 
times, when low-pressure steam of from 7 lbs. to 15 lbs. per inch 
was used, no feed-pumps were necessary, as a tank was easily placed 
at a height above the boiler sufficient to give a head or weight of 
water which would enter the boiler against the steam-pressure. Now, 
however, the pressure to be overcome ranges from 30 lbs. per inch 
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for feeding the boiler of a low-pressure engine to i6o lbs. per inch 
in a locomotive. Almost all engines are provided with a feed-pump 
worked by some part of the moving gear, but sometimes the ordinary 
feed-pump is supplemented or superseded by a donkey-pump^ or by a 
steam-injector. This name, " donkey-pump," has been given pro- 
bably only because of the secondary or subsidiary service rendered, 
as, except in size, there is nothing peculiar in the principle of such 
Of various shapet. machines. The pumps are made in a variety of shapes and forms, 

as vertical and horizontal rotating-engines ; and the direct-acting non- 
rotative steam-pump just described, is also used for the purpose; 
the one feature aimed at in them all being compactness of size 
and shape; for while, even in an ordinary engine-room, space is 
often limited, in the engine-room of a 9team-ship, or on the side frame 
of a locomotive, space is obviously confined. A donkey-pump for 
feeding the boiler of a lo-horse-power engine will cost according to 
its kind from ;£'2o to ;^3o, the cost increasmg with size, so that 
for the boilers of a loo-horse-power engine from ^^50 to ;^ioo is 
required. A donkey-pump allows water to be supplied to a boiler 
without working the main engine, which, especially in the case of a 
steam-ship or locomotive, is often convenient Donkey-pumps of 
moderate size can be worked by manual power for the washing of 
boilers, or to fill or feed them before steam has been raised suffi- 
ciently high to perform the service in the ordinary way. 
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Centrifugal- The Centrtfugal-pump differs from any of those described in the pre- 

pumps. ceding pages, for in the ordinary sense it is neither a suction-pump nor 

a force-pump. In its form and manner of working it resembles 
rather an air-i^, having, like it, a disc with radiating blades revolving 
at a high speed within a case. This case must first be charged with 
water, which will then be displaced by the revolving disc ; a partial 
vacuum being thus produced in the case, the water follows by the 
pressure of the atmosphere to be once more displaced and thus 
passed into the delivery-pipe. At their first introduction, about the 
year 1850, the blades were made straight, but a closer investigation 
into the theory by which these pumps work, aided by practical 
experience in their operation, has resulted in the adoption of blades 
Improvements in bent exactly to the most effective curve. Other improvements have 

been made in the shape and arrangement of the parts, which in modern 
centrifugal-pumps are so contrived as to allow of easy access to the 
interior of the pump, and the removal or addition of pipes without 
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disturbing the whole machine. The suction and delivery-pipes are 
usually made vertical^ and the inlet and outlet on the pump are 
arranged accordingly in the absence of stipulations to the contrary. 
But the pump can be made for horizontal suction or delivery-pipes, if 
desired. The manufacture of centrifugal-pumps is in few hands, 
for while other pumps are widely understood, and can be mad£ at 
any engineering factory, the proper design of a centrifugal-pump 
demands an exact application of scientific principles which can be 
arrived at only by much study and careful experiment Those who 
have succeeded in the manufacture of centrifugal-pumps have a cor- 
responding absence of competition ; and as they make large numbers 
of these pumps exactly alike, special tools can be provided and other 
economies in manufacture practised, which are only possible where 
repetition is assured ; and such methods not only improve the work- 
manship but reduce the cost As the pumps revolve at a high speed, 
it is of great importance that the moving parts be exactly balanced, 
that the spindles be hard and strong, and the bearings long and well 
fitted These conditions are satisfied and strength is combined with 
lightness by the free use of steel and gun-metal 

Centrifugal-pumps are occasionally used for lifls as high as 100 ft ; 
the manufacturers recommend them only for lifts up to 80 ft, they 
seldom comp)are favourably with other kinds for lifts over 30 ft., and 
the vast majority of centrifugal-pumps are used for lifts not exceeding 
30 fl« The effective results obtained from centrifugal pumps for a given 
expenditure of power or fuel are not generally as great as in some other 
machines— for instance* as in a deep-mine pumping-engine— but the 
improvements in design and manufacture have continued to increase, 
and well-made pumps now give out an effective service of about 70 
per cent, of the powers applied to drive them. It is immaterial 
where the pump is placed, whether near the water or at a maximum 
distance of 27 ft. above it, so long as all the joints are perfectly tight 
and no air is admitted 

A centrifugal-pump of a certain diameter, driven at a constant 
speed, will raise a certain quantity of water to any height within its 
capacity, but the power necessary to maintain the speed and the 
same quantity of water obviousl/ must vary with the height lifted. 
This may be illustrated by a few examples. A small pump, with a 
6- in delivery-pipe, costing, inclusive of piping, about ;£'3o, will raise 
500 gallons of water per minute to any height up to 70 f t , 
and will require about j -horse power for each foot of lift. A 

P 



Position of pipet. 



Manufacture 

requires special 

knowledge. 



Trade is in few 
hands. 



Importance of 
good fitting. 



Limits of lifting. 



Consume more 

power than other 

pumps. 



Height of suction. 



Examples of 
capacity and price. 



2IO 



Matkesons Aid Book. 



[Chap. XX. 



Driven by belt 

from portable 

engine. 

Ste page tSj. 



How beat applied. 



For drainage. 



Coat of large 
pumps. 



Chain-pumps. 
Mode of working. 



How applied. 



pump with a 6-in. delivery-pipe, costing, exclusive of pipingi about 
;^i20, will lift 3,000 gallons per tninute^ requiring i-horse power 
for each foot of lift 

Pumps of the above sizes are generally driven by a belt from 
the fly-wheel or pulley of a steam-engine. Portable engines are 
often used, and in some cases — ^as for irrigation — engines and pumps 
are permanently arranged together for this purpose only. Where 
centrifugal-pumps are employed for temporary service only, and have 
to be moved from place to place, they are frequently attached to a 
light carriage on two or four wheels. 

Centrifugal-pumps find their best application in those cases where 
large quantities of water have to be lifted a moderate height in a 
short time, such as in the irrigation or drainage of land, emptying of 
docks, ships, or caissoons j and for sheep washing. In these cases 
the great facilities which these pumps afford by their simplicity, com- 
pactness, and cheap first cost, compensate for any saving in fuel which 
more elaborate, costly, and permanent pumping-machinery might 
possibly afford. Many large pumps are made for these special pur- 
poses, especially for the drainage of low-lying land ; the largest pro- 
portion range in size from those with pipes 18 in. diameter, costing 
about ;^2oo, and capable of raising 5,000 gallons per minute, re- 
quiring about 2-horse power per foot of lift, to those with pipes 48 in. 
diameter, costing about j^* 1,000, and capable of raising 30,000 
gallons per minute, requiring about 1 2-horse power per foot of lift. 
Large pumps of this kind are often attached direct to a steam-engine, 
whose crank-shaft forms the pump-spindle. 

Chain-pumps consist of a tube or barrel, round or rectangular 
in section, and made of cast or wrought iron, and an endless 
band or chain, generally made of iron links, working continuously 
up the tube and passing round pulleys at the top and bottom. 
Upon the band are flaps or buckets which lift the water. * Though 
varying in detail, chain-pumps are of two principal kinds — one, in 
which cups or buckets are attached to the band (as has been used 
from ancient times for irrigating), and another kind where mere flaps 
are hinged to the band, against which they lie flat while descending 
and project while ascending. These pumps are not often used, but 
are convenient sometimes for pumping dirty water in public works or 
excavating operations, as they will not choke readily. The working 
barrels and chains are made in about lo-ft lengths, and can therefore 
be adjusted to suit an altering depth during excavation. They are 
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generally driven by a belt from a portable steam-engine, but some* 
times, especially for irrigating, by oxen or horses. 



How driven. 



All the pmnps that have been described in the preceding pages, 
have some moving mechanism through which the power is applied 
to the water ; but there are other kinds of apparatus by which water 
is raised without any moving engine. Thus in the liquid ejector 
and sand-pump liquid is raised by the direct application of compressed 
air, and in a diving-bell or caissoon the water is driven out in a 
similar way. Steam may be also applied to the rabing of water by 
direct contact. The Pulsometer-pump is an ingenious application of 
an old principle. In this machine there are two chambers, and the 
steam being admitted to one of them, forces up the water which is 
within it The steam, becoming condensed, forms a vacuum, into 
which the water from below ascends while the upward forcing process 
is being performed in the second chamber, and thus by a succession 
of automatic pulsations the pumping continues. As these pulsometer- 
pumps can be suspended by a chain sling, and can be easily connected 
with a hose for steam supply and a hose for bringing up the water, they 
are useful where ordinary pumps have been stopped by being sub- 
merged, as well as for other temporary purposes. The prices mnge from 
about ;^i2 for a small pulsometer capable of raising lo gallons 
of water per minute, to about ;^5o for one raising about 150 
gallons; and so on to about ;^3oo for one raising 1,000 gallons 
per minute, these prices being exclusive of boiler and piping. As 
these pumps depend upon a vacuum, they cannot lift more than about 
25 ft. ; but according to the steam-pressure at command, they will 
force to a maximum height of about 80 ft. They have also the ad- 
vantage of pumping thick or dirty water without choking. Machines 
worked on this principle, though very convenient in some cases, are 
not to be compared with more usual kinds of pumps under ordinary 
circumstances, as they consume much more fuel in proportion to the 
work done, and cannot be conveniently applied for any but moderate 
lifts. 

The Steam-Injedory which was introduced about the year 1855, 
adapts and applies certain natural laws by which a jet of steam con- 
centrated in a peculiar way will draw up the water from a reservoir, 
and force it into a boiler against the steam-pressure there. Injectors 
find their chief application in locomotives and those other engines 
where space is very limited, but in many cases engineers, even if an 
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injector be supplied, prefer to have in reserve an ordinary feed-puhip. 
Many modifications and improvements have been made in the steam- 
injector since its introduction, and the cost has been much reduced, 
so that an injector suitable for supplying the boiler of a loo-horse 
power engine, or that of a full-sized locomotive, costs (1880) only 
from £y\o to ;£"i5, and the price diminishes to £,^ for boilers of 
lo-horse power. 
Water elevators. Machines somewhat similar in kind to the. injector, but known as 

Elevators, are used for lifting water to a moderate height where there 
is no resisting pressure. Such machines find their principal use on 
locomotives and traction-engines which have to carry a store of 
water with them, but which have not always access to an elevated 
tank or water-crane. By merely lowering a hose into a stream or 
well, and admitting steam to the apparatus, water may be drawn up 
as much as 25 ft., according to the steam-pressure at command. 
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Choice of pump, To enable an engineer to decide upon the kind of pump most suit- 
able for a particular purpose, and upon the size and power for attain- 
ing certain results, the following information is necessary; and although 
many of the points to which attention is directed may appear self- 
evident, those engineers and manufacturers who have to supply 
machinery for foreign countries know how frequently the most rudi- 
mentary but necessary particulars are omitted from the instructions 
furnished to them. The particulars already enumerated for steam- 
engines should be read in conjunction. 

1. The power or capacity required in a pump depends upon two 
main points: the number of gallons to be pumped per minute, and the 
height to which the water is to be raised. These factors multiplied 
together tell the aggregate number of foot-pounds to be overcome. 

M^weUMquantity^ '^^ *^^ Same horsc-power is required to raise 1,000 gallons 100 

ft. high in a minute, as 2,000 gallons 50 ft. high, though for the 
former the pump must have parts stronger to resist the higher 
column of water, and for the latter the pump must be double the 
size; but although this is obvious to engineers, the height to be 
lifted is not unfrequently omitted by would-be purchasers of pump^ 
as a point of little importance, although not only the power or 
capacity but the kind of pump depends upon it 

2. The position of the pump in regard to the source of supply and 
the place of delivery. The pump is in some cases placed at the level 
of the source, in others at the level of the delivery, and in others 
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between the two. An engine on the border of a lake, pumping water to 
a reservoir on a hill ; or a pump at a bottom of a mine, raising water 
to the surface, are examples of the first kind. An ordinary domestic 
pump, raising water from a well ; or a pumping engine on the ground^ 
level raising water from a mine, are the examples of the second kind. 
A pump drawing water from a well, and forcing it to a reservoir on a 
hill, is an example of the third kind. The relative level of the 
water to be lifted and of the engine-house floor or ground level are 
most important circumstxmces in the design of pumping machinery. 
The horizontal distance the water will have to travel is also a circum- 
stance which should be communicated to those concerned ; and if the 
pipes are already made or decided upon, their diameter should be 
stated, because by the length of the pipes and their diameter will 
the friction to be overcome be determined. This is very important, 
as sometimes the friction requires greater power to overcome it than 
is needed for the lifting of the water. The* above particulars may 
be conveniently given on a plan and section of the site and place 
of delivery, showing the various levels. 

3. The purpose for which the pumping is required — for instance, 
whether a pump is for irrigation or draining ; or, if for some manu- 
facturing process, the nature of it, as brewing or dyeing ; or, if for 
water-supply, the general conditions which have to be fulfilled ; and 
in any case it should be stated whether the service is to be perma- 
nent or temporary, whether intermittent or regular. It is these 
latter circumstances which generally determine whether cheapness in 
first cost or economy in working and long endurance are to guide the 
choice. 

4. The kind of water to be raised — ^whether clean or dirty, fresh or 
salt, hard or soft, hot or cold, whether it contains acids or strong 
chemicals ; all these circumstances having weigh): in determining the 
form and material of the parts with which the water will come in 
contact. Tar-pumps, soap-pumps, and pumps for strong acids or 
alkalis are made. 

5. The space available for the pump, for the motive-power, and for 
the suction and delivery-pipes. Pumps have often to be fixed in 
inc0tivenient places, as in mines or tunnels or wells, and the choice 
of apparatus may have to be guided or modified by some secondary 
circumstance of this kind, instead of by those which are connected 
with the primary purpose of pumping. 

6. The motive-power which is available or which is to be supplied. 
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If the power is already provided, it should be described as well as the 
means proposed or suggested for connecting it to the pumps ; and if 
the motor be not contiguous, the means available for transmitting 
power to the pumps. If a motor is to be supplied, then the kind of 
force available ^ould be described. If steam from existing boilers, 
then the pressure and capacity ; if new boilers are needed, the kind 
of fuel ; if water or wind power, its extent and direction ; if manual 
force, the strength as compared with English workmen or some 
other standard ; il by oxen or horses, their kind and capacity 3 if by 
shafting, its position, diameter, and speed. 

7. If settings or buildings of brickwork or masonry are needed, 
the nature of the soil for foundations, and the kind of building 
material which are obtainable and appropriate, should be described. 
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Among the numerous and various purposes for which pumping- 
engines of special kinds are required, Fire-Extinction has an impor- 
tant place, and invention has been stimulated from time to time by 
the occurrence of some great disaster which might have been pre- 
vented or mitigated by a prompt supply of water. The apparatus 
most suitable must obviously depend upon local circumstances, of 
which the principal one is the nature of the water-supply. The ten- 
dency of municipal bodies to construct or purchase water-works rather 
than leave them to private enterprise, arises almost as much from this 
cause as from those connected with the supply of water for general 
purposes ; and even where, as form^ly, a monopoly or concession is 
granted to private persons or joint-stock companies, the sufficiency 
and suitability of the supply for fire-extinction are among the prin- 
cipal conditions imposed, 

The actual quantity of water abstracted from the public mains for 
fire-extinction bears so small a proportion to that taken for general 
purposes (in London -j^ part suffices) as to need no consideration 
in the calculation of the total supply ; but it is obviously important 
that the water shall always be available in sufficient quantity at any 
one time or place. As one means to this end, there should be such 
pressure as will cause the water to fill the main pipes at all points in 
their course, and to rise in a hydrant to, at any rate, such a height 
above the street level as will supply the tank or suction-hose of a 
fire-engine ; this being generally assured by the more stringent condi- 
tion that the water — for domestic purposes — shall rise to the top of 
the highest houses. By the modem system of water-supply in towns 
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such a pressure is provided, but it is much below what is necessary, 
without the aid of an engine, for fire-extinction. Water in pipes flows 
to the level of the reservoir or source from whence it is supplied ; 
but though in this way water from a reservoir 100 ft. high will, 
if unrestrained in its course, rise in time to the top of a house 
of similar height^ it will, if discharged by means of a nozzle on 
the main as a jet into the air, require a head of water of 180 ft. 
to enable it, under the most favourable circumstances, to rise 100 
ft., or, in other words, the pressure necessary to force water in the 
air 100 ft. is nearly double that which would take it the same height 
through a pipe. For lesser heights the proportion is diminished, a 
40 ft head of water sufficing to force a jet about 33 ft into the air. 
But where the pipes are also used for general purposes, even this 
theoretical proportion of jets to head or pressure is generally unattain- 
able, because the continued abstraction of water reduces the effective 
force or impetuous rising power necessary for a jet. Moreover, the 
pressure of the water is further diminished by the Miction during its 
passage through the mains and afterwards through the hose which 
conducts it from the main to the ejection-nozzle, for the pressures 
just stated are those necessary at the actual orifice of ejection. 
Approximately, one foot of head, or nearly f lb. per square inch of 
pressure, is required to overcome the fricti<Hi of every 4 ft of hose 
when 150 gallons per minute are being forced, and if besides horizontal 
distance, the hose be raised, the vertical distance of course consumes 
part of the head or force of water, and diminishes that available at 
the nozzle. As the mains in many towns are supplied from reservoirs 
high enough for fire-extinction if the force were always available, some 
engineers recommend a separate service of water for fire-extinction 
only ; while by othei:s it is i^oposed to use the same pipes for the 
supply of potable water to houses, leaving the water for municipal, 
manufacturing, and ordinary domestic purposes to a separate service. 
A constant high pressAire in the fire-mains being thus assured, it is 
then necessary to place hydrants numerous enough to ensure one 
being always so near to a fire as to render long lengths of hose im- 
necessary. This plan of numerous street hydrants has been adopted 
in the City of London ; but while it affords a ready supply to extin- 
guish a fire speedily, yet for any considerable conflagration, owing to 
the low pressure at command, it is only an adjunct to the fire-engine. 
But the conditions necessary for fire-jets direct from the main are 
found or adopted so rarely that there are very few towns where fire- 
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engines can be dispensed with ; even where the reservoirs are at so 
great a height as 400 ft 

The effectiveness of a jet depends a good deal on the form and 
size of ejection-nozzle. It is necessary to concentrate the force of 
the water at an orifice of small diameter, in order to obtain impetus 
for a high jet. Even where the water is wanted at a low level or for 
a horizonal discharge, such an impetuous jet has more effect than 
the same amount of water merely poured or sprinkled on the fire. 
The orifice, or nozzle, is generally of some diameter between \ in. and 
7 in. for manual-engines, and between i in. and 3 in. for steam-engines. 
The larger sizes allow the greatest amount of water to pass, but a 
much stronger pressure is necessary to force the jet to the same 
height as is possible with a nozzle of smaller diameter. But if a very 
high jet be required, then a larger nozzle is essential, demanding an 
abundant supply of water at great pressure, because small jets — 
whatever the pressure — are dissipated info spray at a less height than 
would a thicker column of water with the same proportionate force 
behind it Even in still air no pressure would send a jet -^ in. 
diameter more than a few feet from the ground, while from a nozzle 
of I in. a jet 100 ft high could be discharged. It is often necessary 
during a fire to change the nozzle in order to vary the height of jet 

To render the jet of water from a fire-engine as constant as possible, 
it is usual to have two or three pumps, and by attaching to the 
delivery-pipe an air-vessel to receive the shock of each stroke, still 
further to maintain an equable flow of water. The measure of 
capacity in a pumping-engine is seldom stated by horse-power, but by 
the quantity of water which can be forced per minute to a certain 
height, and in a fire-engine, as has been seen, the^ height of the jet 
is with a certain force less than the height which water will rise in a 
pipe. The difference can, however, be calculated on the data just 
given, if due allowance be made for the friction in the hose. The 
best engine is that which will deliver a given quantity of water in the 
most equable and continuous stream ; for if the pressure vary, some 
of the water will not reach the desired place, and water broken into 
spray, even if sent with great force, is not so effective as the same 
quantity in an unbroken jet. 

Fire-engines are made of sizes rising by numerous gradations from 
the small hand-pump to the powerful modem steamer. As an 
immediate though small supply of water is far more useful in 
extinguishing a fire than a great supply after the fire is advanced, the 
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smaller pumps are extremely useful, especially in places remote from 
public fire-engines. Portable pumps of this sort, resembling those for 
watering gardens, cost from ;^3 to ;^7, according to their capacity, 
which ranges from 5 to 12 gallons per minute to a height of 30 ft 

For municipal or public purposes fire-engines on wheel carriages are 
of course necessary ; and such engines are made of various sizes, but 
there is not much variety in the types which in England have been 
found to be best, although there are variations in the patterns and 
details of different manufacturers. The body and wheels are made 
of wood, painted and varnished, but for hot climates every part is 
generally made of metal. Engines on two-wheeled carriages, small 
enough to be drawn by hand, and capable of forcing from 50 to 80 
gallons per minute to a height of from 50 to 100 ft, cost fix>m ;^4o 
to £fio. The exact quantity of yrater and height of jet depend on 
the number of men at the pumps, handles for accommodating from 
six to fifteen men being generally provided. Cunricle fire-engines, 
as these are called, may be advantageously fitted with shafts for one 
horse, and they can then be increased in size, so as to accommodate 
20 men at the pumfv-handles, a force great enough to eject 100 
gallons per minute 100 ft. high — the price ranging from £^10 to ;^ioo. 
Even in towns or at fire-stations where powerful engines are available, 
these small light engines are very useful for putting out small fires, 
and, if quickly despatched and set to work, will often render the 
larger engines unnecessary. The employment of these engines for 
small conflagrations leaves the large engine available at the station 
for more serious fires. 

The pumps and other apparatus of a fire-engine of any but the 
smallest size are best accommodated on a four-wheeled carriage, and 
this arrangement is that most generally adopted for municipal stations. 
The pumps are provided with folding handles, which when extended 
for use can receive and utilise the force of numerous men. The 
smaller of such engines, costing about £^^0 will; with from 8 to 10 
men, force about 50 gallons 80 ft. high per minute. The larger sizes, 
costing about ;^2oo, such as are used by the London Fire Brigade, 
will, with 40 to 50 men at the pump-handles, force 200 gallons 150 fl. 
high per minute, but this height is seldom obtained, as much of the 
force is lost by friction, according to the length of hose between 
the pumps and the nozzle. 

The working of fire-engines by steam was tried as early as 1830, 
but was not carried to practical success till thirty years later. During 
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the interval, the great need for such machines on the one hand, and 
on the other, the examples afforded by the application of steam to 
portable engines, cranes, winches, and other sepsufate purposes, stimu- 
lated invention whkh ultimately proved successful ; the advantages of 
steam as compared with manual force being nowhere more manifest 
than in fire-engines. A pumping-power is concentrated in one steam- 
engine equal to that of numerous manual engines \ a large quantity 
of water may be discharged so speedily as in many cases to over- 
power a fire too great for a manual engine ; while if the fire be pro- 
longed, and continuous pumping be required, the steam-engine is not 
only more serviceable but at a firaction only of the cost of manual 
pumping. Five men may be reckoned as equal to one-horse power, 
and to equal the effect produced by the consumption of one ton of 
coal in a steam fire-engine, a concentration of manual engines would 
be required, involving an expenditure for labour (reckoning is. per 
hour per man) of ^20 or more. 

In zc^ard to i^wer, steam fire-engines will, according to their size,' 
discharge from 300 to 1,500 gallons of water per minute to a height 
of from xoo to 200 ft. ; and as the maximum hei^t of jet is seldom 
required, the force is usefully exerted to overcome the fiicdon of 
great lengths of hose, and to supply numerous jets. The hose-friction, 
which has been already referred to, renders it almost essential, when 
manual engines are employed, that the water-supply shall be near the 
fire. But a steam-engine will work effectually as far as 800 yards 
from a fire. In towns or districts where numerous and suitable 
hydrants are not available, the power of the steam-engine in this respect 
is of great service, as the supply may be taken from a river, pond, or 
reservoir, at even half a mile distance. As it is convenient to use 
ordinary hose of moderate diameter, two to four lines of hose, each 
terminating in a jet or noezle, are neoessaiy to utilise the force of the 
engine. If the force of the engine has to be concentrated on one jet, 
the hose and jet must be of large diameter, or the hose will burst 

In the construction of steam fire-engines, the essential conditions 
are that, with a prescribed weight, which must be moderate to allow 
of easy draught, there shall be the maximum power, and so .applied 
by suitable pumps as to give out, as measured in quantity and height 
of jet, a weight of water equivalent as near as may be to the horse- 
power. The machine employed should be capable of working con- 
tinuously for many hours without undue heating or friction, and the 
working parts simple enough to avoid the risk of derangement, even 
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under rough usage. The furnace and boiler should be so constructed 
as to allow steam to be generated very quickly, and a full working 
pressure to be maintained without undue exertion to the engine. 

These conditions are met very fairly in the best modern engines. 
There are many varieties in detail — single or double steam-cylinders; 
single, double, or treble pumps. As it is important to save in bulk 
and weight, and to generate steam very quickly, the boiler is multi- 
tubular, affording great heating sufface and continuous circulation. 
In raising steam from cold water, three-fourths of the time is oc- 
cupied in bringing the wat« to the boiling point; and to save time, it 
is ususd in London, while the engine is not at work, to keep the water 
in the boiler always hot by having a jet of gas constantly alight in the 
furnace. When the engine is called on duty, the gas-jet is removed, 
wood and coal substituted, and the steam is raised to a working pres- 
sure of about 100 lbs. per inch in five minutes, or by the time the 
engine reaches the fire. But even from cold water this pressure 
can be attained in about fourteen minutes, and seldom in a less time, 
if the boiler have sufficient water in it 

Steam fire-engines, as made in England, are kept as light as pos- 
sible by the use of steel and high-class iron, and being mounted with 
springs on a four-wheel carriage, can be drawn rapidly by two horses. 
The smaller sizes, costing about ^400 each, weigh about \\ tons, and 
the largest size, costing ;^i,5oo, about 3 tons. When packed for ship- 
ment, the measurement tonnage is about five times the weight tonnage, 
the packing adding 2 to 3 per cent, to the price. An additional 
expense of ;^5o and upwards is necessary for suction-pipe and 
hose, according to ^e length required. In addition to the various 
accessories necessary to the working of the fire-engine, and which 
are included in the prices which have been here stated, there are 
numerous other articles of equipment, such as hose-pipe, ladders, 
tools, and buckets. About 12 ft of suction-pipe is included in the 
ordinary equipment of the engine, but the delivery-hose has to be 
purchased separately. 

The efficiency of a fire-engine depends greatly on the quality of 
the delivery-hose, and it has often happened that when all other parts 
of the apparatus are in good order they have been rendered useless 
at a critical moment "by the hose bursting. Hose is made of canvas, 
rubber, or leather, and in either case the strength necessary and the 
consequent cost are determined by the head of water or pressure 
it has to withstand. The diameter of delivery- hose varies from 
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I i in. to 2 i in., the lesser diameter being usual for small engines, and 
2 in. to 2i in. for town fire-enginfes. Canvas hose can be made in 
lengths up to 500 ft., and costs from;^7 to ;^9 per 100 ft., including 
the metallic connections. Leather hose is usually made in lengths of 
40 ft., and costs from 3^7 to ^9 per 40 ft But though hose of 
either of these materials can be made strong enough for the maxi- 
mum pressure usual in a fire-engine, the real value for actual service 
depends upon the durability of the hose, and in this respect leather 
has been proved to be best. Canvas is liable to rot after two or three 
years' service, and the vulcanized rubber hose, owing to the method 
of manufacture, is also liable to fatal deterioration. It is not the mere 
pressure during use, but the wear in dragging along the ground, alter- 
nate dryness and moisture, and extremes of heat and cold which 
cause decay. On the other hand, leather hose is much more expen- 
sive than other kinds, and needs constant attention in cleaning, 
oiling, and ventilating to keep it in order. These circumstances are 
well known to experienced firemen, and although canvas or rubber 
have proved suflScient under favourable circumstances, copper-riveted 
leather hose has been adopted in most cases for public service in 
towns. In 1880, however, a new combination of rubber-lined canvas 
was introduced, which appeared so good as to justify its trial for a 
time by the Fire Brigade of London. It costs from 2od. to 24d. 
per foot for the diameter of 2f in. usual in London. From past ex- 
perience, however, its permanent efficiency is doubtful, though if it is 
found to need less attention than leather, the saving in trouble and 
expense might justify the cost of more frequent renewals. The new 
hose is at any rate less damaging than leather to the premises through 
which it often has to be dragged to reach a fire. 

A certain amount of delivery-hose is generally carried on the fire- 
engine; but sometimes, where the length is great or numerous jets 
may be required, extra hose must be held in readiness, and therefore 
separate wheeled carriages are provided for carrying it. The hose- 
reels, as they are called, cost from £^\^ for those drawn by hand to 
;^5o for the large carriages for two horses. 

The following particulars are necessary for the elaboration of a 
scheme of fire-extinction, for the organisation of the men and the 
choice of apparatus : — 

1. The size of the town or district, as shown upon a plan, and the 
population. 

2. The nature of the water-supply ; the abundance or otherwise of 
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water ; and, if the supply be from pipes, the pressure which is main- 
tained. The lines of pipes and positions of hydrants should be marked 
on the plan. 

3. A description of the kind of hydrants or outlets available for 
fire-extinction. 

4. The average and maximum height of the houses. 

5. The material of the houses — wood, stone, or brick — so far as 
regards inflammability. 

6. The climate. If dry, whether it increases the inflammability of 
houses or renders wood-work in the engines inexpedient ; if cold, 
whether the pipes and other apparatus will be exposed to frost. 

7. The existing means of fire-extinction ; and the experience of the 
past in regard to fires, so far as it will assist a choice of means for the 
future. 

8. Under whose control or management the firemen and apparatus 
will be placed. 

9. The kind of roads, so far as it aflects the choice of vehicles. 

10. The kind of horses or other draught animals available for 
dragging the engines. 

If floating fire-engines are wanted, then, in addition to the above 
particulars, the following also are required : — 

11. A plan of the river, dock, or harbour where the engine will be 
used, showing the buildings or shipping to be protected. 

12. The strength of current or flow of tide ; and the depth of water, 
so far as it may limit the approach of the engine to the shore« 

13. The kind ef water ; salt or fresh, pure or dirty. 

14. Whether there are land approaches by which engines on 
shore can come to the aid of the floating engines. 

15. Whether self-propelling power is to be applied, or whether the 
towing by boat or steamer is to be depended on. 

Sometimes pumping-engines are fixed on a barge, but unless for 
use in a dock or other limited area, propelling power is essential to 
its efliciency. Sometimes a fire-engine is placed on a small steamer 
which has been made for some other purpose j but there are various 
advantages in detail which render a special and fully-equipped steamer 
preferable. Small floating engines, without propelling power, such 
as are used sometimes in docks can be obtained for ;^ 1,000, but 
the more usual kinds cost from^i,ooo to^^s^ooo. 

In connection with any apparatus for the extinction of fire, it is 
essential not only that everything shall be in good order for immediate 
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use, but that those concerned shall be regularly practised in using 
it. Too often in places where fires occur seldom, both conditions are 
wanting, and a fire obtains great way before sufficient water can be 
brought to bear. Even where the importance of keeping the appa- 
ratus is appreciated, the want of readiness in the users limits and 
sometimes neutralises the advantage. Thus in warehouses, banks, 
and factories, the hydrants, hose, nozzles, and buckets are often con- 
spicuously displayed, but as many years may elapse before they are 
called into service, the hose may be stiff and rotten, the valves too 
stiff to turn, and unskilled and inexperienced attendants may be unable 
to connect or use the several appliances. To be of real effect, the 
apparatus should be regularly practised, and though irregular periods 
of trial might be best for accustoming the workmen to sudden calls, 
neglect or discontinuance of practice is best prevented by having fixed 
Apparatus used, days, monthly or quarterly, on which the apparatus can be employed 

for washing the roofs, windows, or walls, or watering the streets, so 
that those watchmen, foremen, or others, who would most likely be 
called upon for actual service either in the day or night, may know 
exactly what to do. Ten gallons of water employed immediately 
will have more effect than 10,000 gallons when the fire is raging. 

The cost of a fire establishment depends mainly on the complete- 
ness and suitability of the water-sirpply and apparatus, on the local 
peculiarities of the town, houses, and streets, but also to a large extent 
on the organisation and drill of the men. Only by attention to the 
latter point can the highest efficiency be obtained from a given ex- 
penditure. Exclusive of capital outlay for water supply, the following 
was in 1876 approximately the expense in four of the large cities of 
the world, .reckoned per 1,000 inhabitants: — London, about ;^23 ; 
Paris, about ;^ 50 ; New York, about ;^ 2 30 \ Chicago, about ;^ 200. 
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Tanks or cisterns are made of cast-iron, wrought- iron, zinc, 
slate, and wood; but for engineers' purposes, only iron tanks need 
consideration here. Cast-iron is better suited than wrought-iron 
to withstand rust; its greater substance allows more margin for 
waste by rust ; the pieces of which a cast-iron tank is composed are 
easy for carriage, and can be cheaply and effectually joined together. 
Wrought-iron tanks can be made with thinner plates than cast-iron, 
and are therefore lighter for carriage ; they are less liable to sudden 
fracture; the joints are less obtrusive, and are free from certain 
objections against flanges and bolts. Small tanks are generally made 
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of wrought-iron, as they can be transported whole without damage, 
but large tanks are seldom made of wrought-iron, except where 
lightness for transport is of great importance, or where there are 
special circumstances rendering cast-iron undesirable. 

Cast-iron tanks are made of rectangular plates, generally of some Cast-iron tankB. 
size between 3 ft. and 5 ft, and in thickness between \ in. and \ 
in. It is generally endeavoured, in designing a tank, to make the 
plates of uniform size and shape, the dimensions of length, width, 8J>*p« •»<* sUe. 
and depth being, where feasible, of some common divisor. For 
instance, 4 ft. is a convenient unit for this purpose, the width and 
length being then 8 ft., 12 ft., 16 ft, 20 ft., or other multiple. Unless 
for some special purpose other than that of storage, or except super- 
ficial space be limited deep tanks are to be avoided, and the great °**SvoWed!** *** 
majority, whatever their cubic capacity, are generally between 3 ft 
and 6 ft deep. As the pressure of water on each square foot of 
surface is determined not by the superficial extent of the tank, but 
by the head of water, the strains to be provided against, and the 
consequent cost and risk of breaking, increase rapidly with the depth 
of the tank. It is necessary, in all tanks more than about 6 ft. long, "^^^JSJJJiffeJfed'*** 
to tie the sides together by iron rods placed across the tank, and 
angle-stays or brackets are inserted to stiffen the vertical sides. 
Circular tanks, though more expensive and generally less convenient 
than rectangular tanks, are stronger against internal pressure. 

The plates of cast-iron tanks are fastened together by flanges and '^'"by^flanji..^"*** 
bolts, and the question has to be settled in each case whether the 
flanges shall be inside or outside the tank. The pressure from within 
the tank tends to tighten inside flanges and to open outside flanges, 
but tanks should be so strongly made as to render this of no conse- 
quence. The smooth, neat appearance of the outside of a tank, when 
the flanges and bolts are all inside, sometimes leads to the adoption inside flanges, 
of the latter plan, which in England is that generally adopted for 
storage tanks at railway stations; but as outside flanges are best, 
they should be adopted where possible, especially where the purity Outside flancres 
of the water is of importance. There is the great disadvantage 
with inside flanges that the bolts are exposed to rust; and the 
flanges, especially those on the bottom, hold dirt or sediment, and 
hinder the easy cleaning of the tank. A smooth clean surface is 
sometimes given by a lining of Portland cement flush with the flanges. xo6 

Tanks are sometimes so situated that flanges outside would be cement lininc:. 
inaccessible for caulking and painting, and where tanks have to be 
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fixed in confined spaces, inside flanges allow the whole space to be 
utilised, while outside flanges not only project but require room for 
caulking. . Even where the sides can be caulked from the outside, 
the underside of the tank bottom, where it rests upon its supports, 
is frequently inaccessible. But outside flanges can, if shaped for 
the purpose, be also caulked from the inside, and as this is often 
necessary for the bottom of the tank, some engineers, for the sake 
of uniformity, caulk outside vertical flanges also from the inside. 

In fltting together cast-iron tanks the plates may be so acciurately 
planed at their edges as to need only a smearing of red lead to' be 
watef-dght when bolted together; and in such a case the plates 
should be planed to template so as to be interchangeable. The more 
usual plan, however, is to flt the edges of the plates with approximate 
accuracy only, and then to make the joint by caulking between the 
flanges with cement formed of iron borings. Cast-iron tanks so jointed 
remain permanently water-tight; but they should be periodically 
examined to see that the bolts, ties, and stays are in good condition. 
For want of such care cast-iron tanks will fail from corrosion of these 
parts, and the sudden giving way of the tank. The chances of such 
accidents are so remote, if moderate care be exercised, as not to 
outweigh the many advantages of cast-iron in the majority of cases ; 
but where a tank is so situated — as, for instance, over a hospital or 
school — that its £sdlure, and the sudden falling of many tons of 
water, would cause loss of life, then wrought-iron tanks, which would 
give more signs of yielding before actual fracture, should be used. 
But such cases need seldom arise, for where large tanks are elevated, 
they should be on buildings not used for habitation. 

Cast-iron tanks are liable to fracture by great and sudden changes 
of temperature. Thus, in breweries and dye-works, tanks may have 
to be filled alternately with hot and cold liquor ; and if the change 
be sudden — and especially if the liquid in entering impinge on one 
plate — the metal will break. It is dierefore generally expedient to 
employ wrought-iron tanks for such purposes. Sometimes, however, 
it is convenient for other reasons to use cast-iron, as, for instance, in 
the shallow cooler-tanks of a brewery. In such cases the ordinary 
iron cement or rust joint is not the most appropriate, and planed 
joints are the best; but as it is almost impossible to prevent some 
slight leakage as the tank expands, some absorbent material such as 
papef should be interposed in addition to the smearing of red lead 
usual in such joints^ as it intercepts the leakage. 
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Cast-iron tanks can generally be purchased at from JQ^ to £12 
per ton above the current rate of pig-iron, these rates allowing for 
the bolts and stays ; but within these limits the exact price will de- 
pend on the thickness and weight of the plates, whether they have to 
be machined, whether the various parts repeat so as to avoid pattern- 
making, and whether numerous outlets or irregular accessories are 
needed. The labour in fixing, caulking, and painting a properly-made 
cast-iron tank costs from jQx los. to jQ^ per ton. 

« 

As each cubic foot holds 6^ gallons, the size of a tank to contain 
a given quantity can be easily calculated, and an approximate esti- 
mate of weight can be made by assuming a thickness all over of about 
\ in. more than the actual thickness of the plates to allow for the 
weight of the flanges and ribs. Thus if the plates be \ in. thick, as 
in small shallow tanks, then instead of 20 lbs. per square foot, 28 lbs. 
would be about the total weight ; or, if the plates be | in. thick, 
35 lbs. should be assumed instead of 25 lbs. 

Tanks are supported either upon brick walls or iron columns, and 
in either case, if the tank be more than 6 ft. square, a framing of girders 
should be so arranged as to give bearings not too far apart Rolled 
joists are convenient and useful as cross supports. It is usual to 
place the girders immediately below the joints of the plates, this 
plan being feasible where the caulking is from the inside. Each 
cubic foot of water weighs 62^^ lbs. 

Wroiight'iron tanks are made of plates (generally termed sheets when 
thinner than ^ in.) from ^^ to J in. thick, according to the size of 
the tank. The plates either lap over each other, or have butting joints, 
and are riveted together like boilers, and the seams closed with a 
caulking tool. The trouble and expense of riveting at the site are the 
chief reasons why wrought- iron tanks are so seldom used of sizes 
larger than can be transported whole. Wrought-iron tanks can 
generally be purchased at rather less, prices than those of cast-iron, 
the price per t©n being about double, and the weight less than half ; 
hut the expenses of fixing are rather greater, so that the final cost is 
about the same. Small open cisterns or closed tanks are transported 
whole, but the limit of size depends, of course, on local circum- 
stances and the means of carriage ; but even where possible, the great 
space occupied is an inconvenience, especially in stowing for sea- 
carriage, though the space may be utilized by packing other goods 
inside or, in the case of open cisterns, by "nesting" together one 
inside another. The manufacture of wrought-iron tanks has become 
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a special branch of trade, and large quantities are made for storing 
water on board ship, for holding oil, and for numberless other 
purposes. From 50 to 500 gallons is the range which includes the 
small sizes most in demand, and it is customary to state the cost by 
the capacity, sales by weight seldom taking place, except for larger 
sizes. The price is not so immediately influenced by the price of raw 
material as in the case of cast-iron tanks, and when the current price 
for tank-sheets is from ^^9 to ;^t2 per ton, the current rates for small 
open cisterns will range from yd. to 5d. per gallon up to a capacity of 
300 gallons, diminishing to 4d. for tanks holding 600 gallons. If the 
tanks be covered, an extra cost of about a penny per gallon is in- 
curred. Prices in printed lists are generally much higher than the 
above, but as in the case of tubes, are subject to discounts. It is 
usual to coat small tanks with zinc at an extra cost of about 10 per 
cent., but such coating is not permanent unless itself protected by 
painting. Large tanks of wrought- iron are made of plates varying 
from 3V ^o t ^^* thick, and cost from £,Z to ;^i2 per ton more than 
the rates current for tank plates. 

In order properly to design a tank, to choose between cast and 
wrought-iron, and to estimate the cost, the following information is 
necessary : — 

1. Complete dimensions of length, width, and depth; or instead of 
these, the capacity in gallons, with any limitations in regard to shape, 
area, or depth that may be neces.sary. Such limitation may often be 
well indicated by — 

2. A drawing or description of the place where the tank is to be 
fixed, showing the height from the ground, the nature of the supports, 
the area available, and whether it is enclosed or open. 

3. The service for which the tank is needed ; whether for salt or 
fresh water, hot or cold liquid ; the extreme changes of temperature ; 
and whether the tank is to be covered. 

4. A description or drawing of any inlets, outlets, pipes, and 
valves that may be needed. 

5. Whether supports for the tank are to be supplied. 

6. Extremes of climate and difficulties of transport should be 
described. 
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Iron pipesy as used by engineers, may be classed as for water, gas, 
steam, and rain-water; and for all these purposes cast-iron is the most 
usual material; wrought-iron being by English engineers generally 
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employed only for small diameters, or for special purposes ; although 
in France wrought-iron pipes are more frequently used. Pipe- 
founding, though not a difficult art, requires care and experience to 
produce sound castings. It is, in regard to its extent, one of the 
most important of the subsidiary engineering trades ; the quantity of 
pipes made is so great as to render every detail of consequence j and 
the use of special appliances, which great repetition promotes, has 
brought the cost of pipes lower than that of castings generally. 

The cylindrical form of a pipe renders it very strong against internal 
pressure ; and the material of cast-iron is well suited to withstand 
the outer pressure or weight which a pipe has to sustain when buried 
below ground. Cast-iron pipes, in regard to form, are of two kinds : 
flange-pipes, and socket or spigot-and-faucet pipes ; these being the 
alternative methods of jointing. Flange-pipes, which are held together 
by bolts, are used for steam and for high-pressure water, and socket- 
pipes for gas and ordinary water service. 

In casting pipes, care is necessary, as in other hollow castings, to 
ensure the core being concentric, for of course if the core be mis- 
placed and the section of the pipe eccentric, the pipe is weaker, because 
thinner at one side than the other. Even if still strong enough to 
withstand a test, the margin of strength is reduced, though there may 
be nothing in the outward appearance of the casting to indicate the 
inequality. In spigot-and-faucet pipes, the diameter of the socket is 
generally sufficient to allow for trifling inequalities in its shape and 
in that of the spigot, and to afford also some play in laying or ad- 
justing the pipes in a desired line. But the plan is sometimes pre- 
ferred of turning the spigot and boring the socket (slightly taper), so 
that they will fit so accurately as to need only a smearing of white 
lead or Portland cement, the blue lead or other caulking material usual 
in loose sockets not then being necessary. Machine processes are so 
cheaply performed that the cost of turning is more than met by the 
saving in time and expense in laying the pipes and making the 
joints. But while this plan may be effective for pipes laid level, and 
on an unyielding bed, it is not suitable for pipes laid on a less 
certain foundation ; for if the bed yield, there is not the play which 
the wider socket allows, and the tight turned joint will be more liable 
to break. 

It is more desirable to make the joint-laces of flange-pipes true 
by turning ; for though by means of rubber or other washers, or by 
caulking with cement, a tight joint can be ensured though the metallic 
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face be slightly uneven, there is more trouble in laying the pipes and 
more risk of leakage afterwards. And as, if the pipes be not turned, 
the trouble of chipping the irregularities from the faces (a process not 
so effectual as that performed by the lathe) has to be incurred, it is 
always desirable to turn them. The leakage by imperfect jointing 
may be considerable, and yet in buried pipes so invisible and silent 
as to be difficult of discovery. In the water-supply of towns the 
leakage sometimes bears a considerable proportion to the total con- 
sumption, and not only causes a loss of water but a diminution of 
pressure. In gas undertakings also, the loss by leakage sometimes 
equals or exceeds th^ s^mount necessary for profit on the capital 
expenditure. 

The foui^dry mouldy for very small pipes are laid horizontally; for 
the larger sizes, a slanting position was formerly adopted; but it 
may now be considered as obsolete, a^d a vertical position is 
generally demanded by engineers for pipes over 3 in. diameter ; for 
cores of larger diameter a^e, unless placed vertically, liable to float 
or rise \]pwards in the mould, and make the upper side of the pipe 
too thin. Mor^ver, when soundness and closeness of texture in any 
part of a casting is required, it is an ordinary incident of the founder's 
art to place that part downwards, because the weight of molten metal 
compresses that at the bottom, and the air-bubbles and loose sand 
that may hstve fallen into the mould rise to the upper part. When 
pipes are cast vertically, the weight and volume of iron in the runners 
or conduits through which the molten iron enters thp mould are not 
always sufficient to secure solidity and purity of metal throughout 
the body of the pipe, though it is generally considered sufficient for 
this purpose in ordinary castings, and therefore it has become the 
practice among the best pipe-founders to cast the socket downwards, 
and to allow a considerable head of metal (chiefly by a prolongation 
of the spigot end), which is afteryrards cut off in a lathe. 
The proper streijgth and di^rability of cast-iron pipes are assured — 
I. By giving that thickness to the pipes which calculation, based 
on an assumed tenacity of the metal, shows to be necessary to the 
diameter of the pipe, and the pressure to be endured. To allow for in- 
equalities in casting, safety in carriage, and wasting by rust, water-pipes 
are generally designed with a factor of safety, which, if calculated 
according to the internal pressure they are to endure in working, 
ranges from 6 to i to 10 to i, according to the purpose to be fulfilled 
and the opinion of the engineer. For situations where the pipes 
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will not be exposed to rough treatment, a factor of 6 to i may be 
sufficient; or 8 to i if for water mains in towns; while in cities 
where there is heavy road traffic, lo to i is often adopted. 

2. By using good iron. The quality of the iron, though often 
specified, is seldom, except in large or important contracts, really en- 
sured by supervision and tests, and inferior metal may then be used 
without detection, because it may be amply sufficient to bear the water- 
pressure test. Iron re-melted from pig-iron in a foundry should be 
specified (to the exclusion of iron cast from a blast-furnace), and of a 
strength which will bear on the standard test-bar, already described, a 
certain load. A weight of 25 cwt. should be the minimum, but this 
only shuts out very inferior iron, and 28 cwt. may be obtained with- 
out difficulty. If a minimum weight of pipe, or great tenacity of the 
metal is important, as, for instance, for long transport, or to endure 
rough treatment, 30 cwt is specified, and for this the irbn in some 
districts is, if used alone, not strong enough, but may be made so 
by the admixture of superior iron. If it were not for the incon- 
venience of constant supetvision, it would always be advisable to 
use good iron, as the advantages obtained outweigh the extra cost. 
A greater test load than 30 cwt., though occasionally demanded for 
special purposes, is not expedient generally. 

3. By proper methods of oLsting. Although an erigineer will 
generally specify a vertical position for the mould, yet, as the plant 
and appliances of pipe-founders differ, it may be necessary to verify 
by inspection before and during manufacture that the specification is 
obeyed. 

4. By verifying the thickness of metal by Weighing each pipe. A 
margin — generally of about 4 per cent for small pipes of 3 in. 
diameter, and diminishing to 2 per cent, for pipes of 36 in. diameter 
— is generally allowed, within which limits any pipe otherwise good 
will be received; but sometimes it is stipulated that no excess of 
weight beyond i per cent, will be paid for, as it may be expected 
that the average difference will not exceed this. 

5. By examining each pipe inside and out, to see if there are any 
unsound places ; and by gauging and measuring to prove that they 
are concentric in section, and that the spigots, sockets, or flanges are 
of proper form and diameter. A disc ^ in. less in diameter than 
the prescribed bore of the pipe should pass freely inside. 

6. By testing each pipe by high-pressure water, to detect flaws or 
cracks in the metal. A pressure equal to a column of water 300 ft. 
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high (about 130 lbs. to the square inch) is generally adopted as suffi- 
cient for this purpose, and this rule is in England so well established, 
as to be almost an assumed condition in bargains for pipes, and 
every pipe-founder has testing machines as part of his ordinary 
apparatus. But for thick pipes, in which the working pressure will 
exceed 200 ft., a greater test pressure is prescribed, rising to 1,000 ft. 
where the working pressure exceeds 500 ft. The above tests do not 
prove the strength of sound and well-made pipes, but are enough to 
ensure that — within the short time the pipe is under pressure — ^the 
water shall penetrate to and discover cracks, flaws, or spongy places. 
Still further to detect weakness or liability to fracture at such unsound 
places, it is usual while the pipes are under pressure to rap them with 
a hammer. 

7. By coating the pipes inside and out with some preservative 
compound. Corrosion is specially damaging to pipes, for it not only 
wastes away the metal but the rust accumulates and, fungus-like, 
expands (the composition of the water often assisting this), so as to 
choke the passage-way. So serious are such consequences that 
many plans of coating and painting have been devised to prevent it. 
The pipes should be oiled directly they have been trimmed in the 
foundry before rust has commenced, and then coated. The most 
successftd coating is that known as Dr. R. A. Smith's process, by 
which the pipes are coated inside and out while hot with a peculiar 
bituminous composition. This plan, which adds from 2s. 6d. to 5s. per 
ton to the cost of the pipes, is almost invariably adopted for water 
pipes, and postpones greatly the decay of the iron. The durability 
of the coating depends on the efficiency with which it is performed 
and on the kind of water passing through the pipe. In some cases 
the coating shows no signs of deterioration after twenty years* use. 

Precautions such as these demand care and knowledge, and inspec- 
tors who have had special experience are generally employed. But 
notwithstanding the care which may be exercised during and after 
manufacture, it is seldom that a certain proportion of faulty pipes can 
be avoided, and if such pipes are buried in situ, without their faults 
being detected, they may be the cause of much loss by leakage — 
often silent and undiscovered — or of expense in substituting new 
pipes. It is important, therefore, that a line of pipes while being 
laid, and before the trenches are covered up, should be tested under 
pressure ; convenient lengths of pipe being temporarily isolated and 
closed for the purpose, a process by which also, in gas-pipes as well 
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as in water-pipes, the condition of the joints may be ascertained 
The loss of gas by leakage is often very great, and the saturation of 
the soil in' large towns from this cause is an important sanitary 
question. 

Cast-iron pipes are generally sold by weight, and the total cost 
depends on the thickness of the metal ; the cost of carriage being 
also so determined. A bargain for pipes at a price per ton is there- 
fore incomplete unless accompanied by a statement of weight, which 
may be specified either by the purchaser or the seller. The weight 
depends mainly on the thickness, but a little also on the dimensions 
and form of the socket or flange. In some cases, purchasers who 
have specified the thickness or weight of pipes and the water-pressure 
test to be endured, make no other stipulation in regard to the 
quality of the iron, and for small quantities or unimportant purposes 
the expense of further precaution may be inexpedient, and a proper 
quality ensured by dealing only with manufacturers of good repute, 
and who use iron of known quality. But in important cases, a certain 
tenacity in the metal, as measured by the weight sustained by a test- 
bar, is also demanded. 

Every pipe-founder has his own standard weights, to which, either 
exactly or within moderate limits, he is prepared to adhere ; but when 
a rate per ton is the measure of price, a water-pressure test the measure 
of quality, and no conditions as to thickness, weight, or tenacity de- 
manded, there is no inducement to the founder to save in weight by 
using iron of high quality and taking due care in manufacture ; and 
pipes so bought will presumably weigh more than pipes bought with pre- 
scribed limits in these respects. But bargains are seldom made without 
limits of weight, and pipe-founders are generally prepared to conform 
to usual limits, although, of coiu'se, the less the weight, the less will 
be the remuneration whfch a given price per ton will afford for the 
labour of making. But even iron of the lowest quality will, as already 
stated, if cast without flaws, endure the water-pressure test, so that 
it alone is but a partial protection. Therefore in comparing competi- 
tive offers from manufacturers, the lowest price per ton, even if allied 
with moderate weights and subjection to the ordinary water-test, is 
not necessarily the cheapest, unless the quality of the iron and the 
consequent margin of safety and non-liability to breakage be taken 
into account, as well. also as the soundness and concentricity of the 
castings. In gas-pipes, and frequently also in water-pipes, the work- 
ing pressure is so small as to need no consideration in deciding 
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on the thickness of the metal, which has to be determined by other 
circumstances, such as the substance necessary to ensure soundness 
in founding, safety in carriage, resistance to external pressure when 
laid, and endurance against rust In the case of long carriage or 
frequent transhipment, breakages are sometimes very numerous, and 
it is important to provide, either by special insurance or by specific 
contract with the carriers, for the loss by breakage. Shipowners and 
others sometimes seek, by special clauses in their bills-of-lading or 
carriage-contracts, to avoid their ordinary common-law obligations in 
this respect. 

Cast-iron pipes are, in England, made 9 ft long, when the diameter 
does not exceed 12 in. ; beyond this and up to. 48 in. a length of 
1 2 ft. is Usual ; the length in each case being that which is net or 
effective when laid, exclusive therefore of the socket 

Spigot-and-faucet pipes, if cast 
with care from good iron capable 
of enduring 28 cwt. on the standard 
test-bar, do Hot require for a working 
pressure of 80 lbs. per square in . , and 
a factor of safety of 10, a greater 
thickness than the following weights 
in column a imply, and many engi- 
neers consider these the minimum 
weights even for lower working pres- 
sures. For convenient comparison 
all the lengths are stated as 9 ft, but 
an addition of one-third will give the 
weight of 12 ft lengths. The weights 
in column, b are sufficient for a 
workingpressureof 160 lbs. But in 
the absence of stipulation to the 
contrary, pipes weighing from 5 to 20 per cent more are gene- 
rally supplied by manufacturers, and unless careful and constant 
inspection can be insured, it is inexpedient to demand the minimum 
weights given above. Flange-pipes, if of the same thickness as spigot- 
pipes, weigh from 5 to 10 per cent, more, but they are usually 
made thicker than socket-pipes, as there is more difficulty in casting 
(the upper flange forming a lodgment for the impurities in the 
metal), and therefore some allowance must be made if the flange- 
pipes are to be as strong as the socket-pipes. The thickest pipes are 
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those — always with fianges — used for the rising mains of deep mine- 
pumps, which have to withstand an enormous pressure. 

As pipes come within the category of cheap castings, the cost of 
manufacture bearing a less than usual proportion to the value of the 
metal, prices follow closely the current rates for pig-iron. Socket 
(spigot-and-faucet) pipes, which are the kind generally assumed by 
the manufacturer, in the absence of stipulation as to kind or purpose, 
cost for all diameters above 3 in. jQ^ to ;^4 per ton above the 
current price of pig-iron; the price of pig-iron ranging in ordinary 
times from £2 los. to jQ^ per ton. The exact prices of pipes 
are determined by the quantity ordered at the same time, the severity 
of the tests, and the conditions of delivery and payment. If the 
sockets and spigots of the pipes have to be bored and turned, from 
7s. to 15s: "per ton extra is incurred. From 3s. to 6s. per ton is the 
extra cost for coating with a preservative process. Flange-pipes cost 
about £2 per ton more than socket-pipes, but the extra expense of 
turning is about the same. As the low prices at which pipes are 
sold is owing to the great repetition in manufacture, small or miscel- 
laneous quantities are much dearer. Branch pipes, tees, bends, and 
other pipes classed as irregular, generally cost from £^ to jQ^ per 
ton more than the cunent price for ordinary straight pipes, and if — 
as in connection with a pumping-engine dr steam-boiler — pipes of 
various sizes or lengths be required, the ordinary prices are no longer 
applicable, the special economies of manufacture become impossible, 
and, as in other classes of foundry work, the price is determined by 
the cost of patterns and other preparations. 

Pipes should be made so exactly to a pattern or gauge as to be inter- 
changeable j and for permanent undertakings where renewals or ex- 
tensions are likely to occur, as in the case of municipal gas and water 
works, standard patterns should be established. Pipes made without 
such rules, even if of the same nominal size, if bought at different times 
from different manufacturers, involve extra trouble and expense in the 
laying and in the making of joints. In Range-pipes not only should 
fianges of a uniform diameter and thickness for each diameter of pipe 
be prescribed, but it is important- also that the position of the bolt- 
holes should be uniform. In pipes subjected to great pressure of 
steam or water, the flanges are often cast without bolt-holes, these 
being afterwards drilled with great exactitude, and the bolts turned to 
fit. But in the majority of cases, the cheaper plan of making the 
holes in the process of casting is adopted. Besides making the hole 
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larger than the bolt, an additional margin for adjustment is provided 
by making elongated or oval holes. Templates or patterns for the 
flange and bolt-holes should be provided for each size of pipes, and 
in the case of bends and other irregular shapes, the relation which the 
horizontal axis or other datum-line bears to the setting-out of the 
holes should be indicated. 

In the absence of a detailed drawing or specification, all or some 
of the following information (as the nature of the case indicates) 
should be furnished to the manufacturer, to enable him to make 
pipes of suitable kind and to estimate the cost. 

1. The diameter or bore of the pipes, or if this cannot be given, 
the quantity of water or gas to pass in a minute with a given 
pressure. 

2. The number of pipes required, or the total length in Uneal feet; 
and whether flange or socket joints. 

3. The purpose for which the pipes are required. If for steam or 
water, the maximum working-pressure- 

4. If the pipes are to connect with others already fixed, or where 
some standard pattern is established, a drawing or template of the 
socket, or of the flanges and bolt-holes, will be necessary to ensure 
uniformity. 

5. The number and description of bends, tees, and other irregular 
forms. 

6. Whether the joints of the pipes are to be turned or bored. 

7. Whether and how the pipes are to be coated or painted. 

8. The tests to which the pipes are to be subjected. 
Rain-water pipes are made almost as thin as the process of casting 

will allow, and therefore such pipes are peculiarly liable to fracture 
during carriage. When, however, they are fixed in place the pipes 
are strong enough for their purpose, and if kept painted will probably 
last as long as the building to which they are attached; but if not 
cast concentric, the thin places will soon be corroded away and the 
pipes rendered useless. Rain-water pipes have socket joints and are 
sold by measure of length, and not by weight. In specifying such 
pipes the bends, swan-necks (almost always needed to clear projec- 
tions on buildings), and enlarged head-castings which are required 
should be described. 

Wrought-iron pipes (as distinct from tubes) are made of sheet-iron 
from ^ in. to 3^ in. thick riveted, and are used for various purposes 
where light, strong pipes are required. Thus, they are used some- 
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times as chimneys in smithies, or for conveying the blast to smithy 
fires, or compressed air in mines, or as water-pipes for chain-pumps, 
or in well-sinking operations, as they are light for handling and bear 
without fracture constant movement and adjustment. In France, 
wrought-iron pipes of a peculiar kind are made, and are largely used 
on the Continent for mains in the streets, not only for conveying gas, 
but also for water of moderate pressure. The pipes are made of 
sheet-iron coated on both sides with lead, and the seams after being 
riveted are soldered. The pipes are then covered outside with a 
thick coating of bitumen. These pipes are light for carriage, will 
withstand considerable internal pressure, will bend rather than break, 
and will endure long against corrosion. They are not, however, so 
strong against outside pressure and the shocks of street traffic as 
cast-iron, {ind will not withstand high internal pressure. These 
composite pipes are made in lengths of 4 metres, and one end being 
slightly distended to form a socket, a joint is made by driving with a 
mallet the end of another pipe into it, the latter leaving the bitumen 
partly cut away and a groove left for a ring of hemp and tallow. The 
pipes are sold by measure of length, and cost in France rather more 
than cast-iron pipes cost in England, but they are light for carriage 
and are cheaper in many parts of the Continent than cast-iron pipes 
made in a local foundry or brought from a distance. Wrought-iron 
pipes are generally sold by lineal measure. Pipes of sheet steel are 
(1880) being introduced in England. 
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Tubes are made of iron, steel, copper, or brass ; and by engineers 
are used principally for the flues of boilers, as refrigerating tubes in 
surface-condensers, and as pipes for steam, water, and gas. Iron 
tubes are made by bending strips of sheet-iron into the desired form 
and welding together by a lapping joint, or by welding the edges 
butted together. The machinery for making tubes is of a very in- 
genious kind, and the improved methods which have increased the 
regularity and soundness of the welds have also lessened the cost. 
Solid-drawn steel tubes are also made, but, considering their much 
greater cost, have (1880) no marked advantage over welded iron 
tubes. 

The small diameter of tubes renders them very strong against 
either external or internal pressure ; even a moderate thickness of 
metal having a tenacity great in comparison to the strains which, 
under ordinary treatment, the small surface area exposed can bring 
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upon it. Indeed, the thickness of tubes is often much in excess ot 
what the pressure would require and is determined by secondary 
reasons. Thus, in tubes used for conveying steam, gas, or water, the 
connections are generally made by screwed sockets or couplings, 
and, as the screw-thread is cut into the metal, the latter must be 
thick and strong enough to allow for such a diminution of substance. 
But for tubes used in boilers and surface-condensers, it is important 
that the metal shall be as thin as possible, so as to transmit heat 
readily \ and as such tubes do not require a tliread cut into them, 
they can be made of the minimum thickness which, with a proper 
margin of safety, the strains upon them require. But being thus 
made thin, there is not sufficient contact surface on the edges to 
allow an effective butt-weld, and such tubes — if of iron — are lap- 
welded, while the thicker tubes, with screwed ends, may be butt- 
welded, which costs less than lap-welding and is not generally con- 
sidered so secure. The ordinary iron tubes sold })y makers of repute 
without any special stipulation as to quality, and used principally as 
gas-pipes, are strong enough also for steam or water with a working 
pressure of 10 to 20 lbs. to the inch. But as the failure of tubes 
arises from flaws in the iron or imperfect welding, which are revealed 
even by moderate pressure, and as, if there be no such defects, the 
iron is thick and strong enough to withstand considerable strains, it 
will generally be found that tubes which will endure 20 lbs. pressure 
will endure much more ; but for higher working pressures than 20 lbs. 
it is expedient to state the purpose and to stipulate for tubes 
of guaranteed strength. Thus for iron tubes used in the boilers of 
locomotives an internal pressure of 800 lbs. and an external pressure 
of 250 lbs. are sometimes specified as tests to be endured without 
fracture. The thickness of the tubes has to be increased according 
to the diameter, and even of the same diameter different thicknesses 
are made, according to the purpose in view. Specially thick tubes 
are made for conveying water for hydraulic machines, the working 
pressure for such purposes ranging from 500 lbs. to 8,000 lbs. per 
square inch. 

Well-made tubes seldom burst from internal pressure unless they are 
weakened by corrosion ; but tubes badly welded, or made of inferior 
material, will sometimes tear open, especially under great pressure. 
Xubes of inferior iron have often minute surface cracks, which de- 
velope under heat or pressure and tear open. Boiler-tubes are the 
kind most liable to failure ; their durability is in any case limited by 
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ihe severe service they perform ; and if of inferior quality, or if not 
renewed in time, they will fail by bursting, burning) or by tearing from 
the plates which hold them. 

Iron tubes are the kind generally employed for marine boilers, 
though brass tubes are used in the Royal Navy. These brass tubes 
range from o\ in. to 4 in. external diameter, and the thickness from 
No. 7 to No. II B. W. G. 

Brass and copper tubes are either rolled by machinery and the 
edges brazed together, or they are drawn in such a way as to be 
seamless. The latter plan, formerly very expensive, has been 
cheapened, and the tubes so made tend to supersede the brazed 
tubes. From i in. to 5 in. external diameter are the usual limits 
of size for brazed tubes, and beyond these sizes they are made by 
coppersmiths and not by tube-makers. Solid -drawn copper tubes 
are made up to 9 in. diameter. Sqlid-drawn brass tubes are made 
of all sizes between \ in. and 4 in. external diameter. The quality 
of brass tubes depends not only on the n^ai^ufacture, but on the alloy 
of the brass. Different alloys are used for different purposes, but 
from 67 to 70 parts of copper to 30 to 33 p?irt§ of ?jinc embrace 
almost all the combination^; but these metals must be pure to 
make good brass. 

Tubes are usually made in lengths of from 14 ft tp 16 ft., and are 
sold by lineal measure. The price for ordinary iron tubes ranges 
from about 2d. per ft. for \ in. internal diameter, to 4d. per ft. for 
I in. diameter, lod. for 2 in., increasing to about 3s. 6d. for 4 in. 
diameter, and 9s. for iq in. diameter. But the great majority of 
tubes sold are less than 4 in. diapieter, and the larger sizes are used 
only for special purposes. The prices of tubes being stated accord- 
ing to so small a measure of quantity as one foot, ordinary money 
units of pence and farthings are insufficient to express small grada- 
tions or fluctuations in price ; and it is the custom of the trade in 
England to adjust prices by percentages. Instead, therefore, of 
altering price-lists from time to time, printed lists are established, 
which remain in force for years, the actual prices at any particular 
time being arrived at by deducting the discount which is then 
current. The printed prices are (1880) about double those stated 
above, but are subject to discounts of from 40 to 60 per cent., 
according to circumstances: 

Iron tubes may by a special process be coated inside with enartel, 
but as this about doubles the cost, the expense is seldom incurred 
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except when the tubes are used for conveying corrosive liquids. 
Tubes may be coated with a bituminous mixture inside and out for 
an extra cost of about 3 per cent or galvanized for about 10 per 
cent. Small copper tubes of about f in. external diameter and about 
18 B. W. G. thick, as used for surface-condensers, and larger sizes as 
used for refrigerators in breweries are sometimes tinned inside. 

Each length of tube — if for gas, water, or steam — is screwed at 
each end; this, with the supply of one connecting-socket, being 
included in the price per foot. Boiler-tubes are supplied perfectly 
plain, without any screwing or other work upon them, and are held 
in place by passing them through a plate and expanding them in the 
hole, a taper ferrule being afterwards driven into the tube. To 
allow of this being done without damaging the iron, the end 
of the tube is generally softened by annealing. Iron tubes with 
brass or copper ends are often used in locomotives, as the iron, if 
attached directly to a copper fire-box, does not form a permanently 
Copper and brass good joint. Copper and brass tubes (also without screw-thread) are 

sold by weight, the price varying with the current prices of these 
metals from 9d. to 1 2d. per lb. 

In purchasing tubes, the purpose for which they are to be used 
should be stated ; if of iron, whether lap or butt welded, and if of 
brass or copper, whether brazed or seamless. The exact length or 
the limits of length should also be stated. Bends, tees, and other 
connections, of which there is very great variety, are sold at prices 
per piece. It is also necessary to state whether the diameter given 
is external or internal and (except for gas tubes) the thickness, as 
there is no established rule as to what is meant when merely the 
diameter is stated. 
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CHAPTER XXI. 

RAILWAY EQUIPMENT. 

In previous chapters, re- 
ference has been made to 
' the inception of Railway ^ 
' schemes, and to the pre- 
liminary steps necessary to 
! carrying them out. Even 
in the first equipment of a 
railway with material and 
rolling-stock, the engineer 
has not, in countries remote from the place of manufacture, always 
ready access to the terms cunent for the purchase of material, and 
it is sometimes difficult, also, after a railway is in operation, to 
ascertain in the case of extensions or renewals what conditions of 
j»nrchase are necessary- to obtain the best result. It is attempted in 
the following pages to indicate those particulars which determine 
price, and which are necessary to the proper choice and purchase 
of the various kinds of Railway Equipment. 

Rath of various shapes and sizes have been tried, but three prin- 
cipal kinds were established in the early days of railways, and have 
formed the rudimentary types from which most of the patterns since 
adopted have been developed. These are the Double-headed rail, 
the Vignoles or Flange rail, and the Bridge rail. The double-headed 
rail, so extensively used in England, France, and other continental 
countries where railways were first constructed by English engineers, 
was adopted principally for the supposed advantage of allowing both 
faces to be used ; bilt this pattern of rail would not have been retained 
as a leading type if there had been no other reason ; for it was found 
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that the lower face became so indented by the chairs on which the 

rail rested as to be unfit for an upper surface, unless the rail were 

Turned rails. turned over SO frequently as to prevent such indentations. The 

inconvenience and expense of this turning proved so great, that 
No longer used, the custom has been generally abandoned. But for roads laid 

on cross sleepers, the double-headed rail affords the great strength 

as a girder which is required, though there is no longer the same 

necessity for having the top and bottom of the rail precisely alike. 

Chairs required. ^"^ important point of difference between the doubled-headed rail 

»^ Chairs and almost all other kinds is that the former requires iron chairs; 

^^'' ^^ ' and the trade in railway chairs would be almost at an end if thi.s 

form of rail were discarded. 

^^0r ^ The Vignoies or flange rail is suited either for longitudinal or cross 

^^^ sleepers, ~ and it has a sufficiently stable base without chairs, and 

^^Lp^ especially so when a continuous bearing is provided on longitudinal 

„3 sleepers. When the rail is fixed on wooden cross sleepers, although there 

Vignoies or flange jg sufficient Strength and stability, yet under heavy traffic the weight 

concentrated on the occasional supports tends to press the rail into 
the wood, the flange not affording the same wide solid base as an iron 
Kow laid. chair. The pressure is apt in time to destroy the sleeper, unless 
great care has been used in bedding the rail truly upon it, or by inter- 
Fastenings, posing a base-plate of wrought-iron wider than the rail. Flange rails 

are fastened to the sleeper by bolts which may either pass through a 
hole in the flange, or may grip the edge of the flange ; and there 
are many varieties of such bolts. Flange rails are so extensively 
used abroad that, if English railways be left out of the question, a 
greater number and weight of them are made than of all other kinds 
put together. 

The Bridge rail has been preferred by some engineers as being 
more symmetrical, and as having its wearing parts better supported 
1x4 than, as in a flange rail, by a single web. Bridge rails need longitu- 

Bridge rail. (jjjjal slecpers, this being the plan adopted on the (ireat Western 

Railway in England, where this form of rail was first introduced by 
As on G. w. Ry. Bnincl for the 7-ft. gauge. Having thus a continuous support, much 

less strength is needed in the rail than where it has to span, as a 
.^v, si.FFVKRs, girder, between cross sleepers ; consequently, bridge rails, even for 

heavy traffic, are usually only about two-thirds the depth and weight 

How laid. of doublc-head or flange rails. Bridge rails are spiked down to the 

sleepers, and at the junction of two rails they are'connected by a base 

plate, which covers the joint. Such a connection is however inferior 
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to the fishing-joint of flange or double-head rails, and needs constant 
attention, not only, as on all kinds of pennanent-way, by adjusting 
the ballast, but by wedging and packing between the rail and the 
sleeper. Bridge rails of small light section were formerly much used for 
tramways in and about mines, but they have been gradually superseded 
by flange rails. There is rather more labour in the production of 
bridge rails than of other kinds, and they are generally a few shillings 
per ton dearer. Old iron rails of bridge form are considered more 
valuable as material for reworking than other kinds. 

Hht Barlow JBi\, which may be considered as a development of the 
bridge rail, was at (xie time extensively used. Its wide base gives 
stability not only to the rail itself but to the whole permanent-way, 
and it is more independent of sleeper supports than any other kind. 
Indeed, it has in some instances been laid directly on the ballast to 
form rail and sleeper in one, although generally it is laid on longi- 
tudinal timbers. But when laid directly on the ballast it needs 
constant adjustment, and this circumstance, as well as certain in- 
conveniences in regard to points and crossings, and also in the 
manufacture of the rail, led to its abandonment, and although still 
made in small quantities for special purposes, it is seldom employed 
on railways. It has been used on some railways as a cross-sleeper; 
piles have been made by riveting two rails together, flange to flange; 
and as the upper flange-plate of a box-girder, it forms an eflective 
beam for a travelling crane. 

The two greatest improvements which have been introduced in 
connection with rails since railways were established, are the fishing- 
joint, and the use of steel instead of iron. It is hardly necessary to 
state how immensely the fishing-plates add to the strength of a rail- 
joint, and to the stability of the permanent-way. It is attempted in 
the case of the double-headed rail to still further strengthen the joint 
by carrying the fishing beneath the rail, the increased strength being 
obtained not by an actual grip at the under part of the rail, but by 
the greater depth thus given to the fishing-plate. Double-headed 
rails, with the lower bulb smaller than the upper, and known some- 
times as " bull-head " rails are convenient for this method of jointing ; 
but the flange rail is also sometimes so jointed, the fishing-plate 
coming down to the edges of the flange and even below thenL Fishing- 
plates must be made to suit the form of the rail very exactly. 

The Bessemer inventions by which iron is converted into steel 
rapidly, cheaply, and in large quantities, without the elaborate pro- 
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cesses previously necessary, have had their principal application and 
success in rails. The later inventions of Siemens and others have 
tended to still further reduce the price by cheapening the production 
and by maintaining a competition favourable to the consumer. In- 
deed, the introduction of steel rails has subjected the whole trade to 
a change unparalleled probably in any other branch of industry ; 
new standards of excellence have been inaugurated and, with them, 
new conditions of purchase. The methods of manufacture are really 
simpler and cheaper for steel than for iron ; and unless some hitherto 
unknown defects be found in steel, or some new and cheaper method 
of making iron discovered, iron rails may be considered as super- 
seded. The advantages which steel has over iron for rails are 
various: The steel rail has greater strength as a girder; it offers 
greater resistance to crushing ; and its surface will endure abrasion 
longer. Steel rails not only wear out more slowly but more evenly 
than those of wrought iron ; the latter, being composed of numerous 
pieces of iron " piled " together, and imperfectly welded in the pro- 
cess of rolling, laminate, and the lurching of heavy engines shears 
long flakes off the heads ; while steel, being homogeneous, only yields 
to traffic by the uniform abrasion of each particle. Those steel rails 
wear out quickest which are most subject to the influence of sand 
and skidded wheels. The less frequent expenditure in relaying steel 
rails, and the fewer interruptions by platelayers to passing trains, 
especially at station sidings and junctions where the traffic is great, 
are advantages which are now universally acknowledged. 

As has been already described, steel will not bear the operation of 
hole-punching without injury ; the holes must therefore be drilled ; and 
even drilled holes weaken a steel rail more than an iron rail Even 
the notching of the flange for the spike weakens the rail, and such 
notches should be made only at the ends, or avoided altogether in the 
rail, and made in the fishing-plate when it projects enough to allow it. 

It is generally expedient to adopt some existing pattern of rail, 
especially if the quantity required be too small to justify the cost of 
new rolls, and the pattern-books, of manufacturers allow of ample 
choice. It would be a great advantage if standard patterns could be 
agreed upon by railway engineers, as makers could then roll rails and 
store them for sale afterwards, which, without established standards, 
they cannot venture to do. Several engineers have designed so- 
called standard patterns, but until these are generally recognised and 
accepted, the word is evidently a misnomer. 
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On the important European lines the use of heavy engines and 
higher speeds have rendered necessary stronger and heavier rails than 
formerly ; for although some very heavy patterns were tried on the 
earlier railways, rails of only 60 lbs. to the yard were common in 
England in i860, while rails of 80 and 85, and even 90 lbs. have 
since become usual. Nor has the introduction of steel caused any 
reduction in the size of rails; it is found that the weight affords 
stability to the road and a steadiness to the trains which would other- 
wise be unattainable. But the distance between the cross-sleepers 
may be safely increased by the use of heavy steel rails. In other 
European countries, flange rails seldom (1880) exceed 72 lbs., while i^ 
the United States, a range of from 50 lbs* to 65 lbs. includes the 
various sizes used on standard-gauge railways. The use of fishing- 
plates also encourages the preference for heavy rails, because the 
space needed for the plate and bolt-holes is inconveniently circum- 
scribed in small rails. 

For little railways of 2 ft. to 3 ft. gauge, rails of from 15 to 30 lbs. 
are used ; and for narrow-gauge railways of from 3 ft. to 3 ft. 6 in. 
gauge, with rolling-stock of moderate weight, rails weighing from 30 
to 50 lbs. per yard are sufficient Contractors' rails for temporary 
use are made of all weights, from 10 to 40 lbs. per yard. The price 
of light rails under 40 lbs. per yard is from 5s. to 20s. per ton more 
than the price of the heavier sections. 

Light steel rails may be so framed together with sleepers and ties 
in lengths of from 12 to 15 ft., as to form a portable railway, which 
may be readily laid down or removed by unskilled workmen. These 
railways are very useful for manufactories, brick-fields, farms, planta- 
tions, and mines. By the use of small wagons, weighing, when 
loaded, not more than two tons, rails of xo lbs. per yard are sufficient 
for railways of i8-in. gauge; and for 2-ft gauge, rails of 15 lbs. per 
yard are sufficient for the safe passage of locomotives weighing four 
tons, and capable of hauling 50 tons on a level Railways, as above 
described, cost from ^^300 to ;^6oo per mile, inclusive of switches, 
crossings, turn-tables, and wagons, according to the exact weight of 
the rails and current prices of materials. If the capital outlay can be 
afforded, the higher price is the cheapest in the permanent advan- 
tages it affords. 

Rails are sold by weight, and in England by the ton of 20 cwt. 
Iron rails cost about the same as the cheapest bar-iroa Steel rails 
(1880) from;£i to £^2 per ton more. Fishing-plates cost from ^^i 
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to ;^2 per ton more than the rails; fishing-bolts ;^io more; and 
spikes from £fi to ;^8 more : but sometimes both rails and acces- 
sories are included in one average price. This average is generally 
from 5s. to 153. per ton above that of the price for rails alone. 
Light rails are generally made in shorter pieces than heavy rails; 
more fishing-plates are consequently required, and the proportionate 
weight of plates and fastenings to that of the rails is greater. 

The principal countries other than England where iron and steel 
rails are made are (1880) Belgium, France, Germany, Austria, and the 
United States. But although the rolling-mills that have been established 
in these countries have necessarily supplied many of the rails that would 
otherwise have been made in England, the effect which such com- 
petition will have in what are considered neutral countries, is greatly 
limited ; for in none of these countries can rails be made so cheaply 
as in England. It is only the protection afforded by customs duties 
on imported rails, and the artificial prices thus ensured, and the 
demand for rails in the vicinity of the manufactory, that have induced 
capitalists to establish rail-mills in places where the conditions of 
production are less favourable than in England. 

Simple as the definition of a rail would appear to be, a bargain 
for rails is an example of the importance of purchasers afford- 
ing full information of their wants. If a manufacturer be merely 
asked the price of a certain quantity of rails of a certain section, and 
especially when, as is often the case, such an inquiry comes from 
abroad, no satisfactory answer can be given without a full specification 
of the conditions. The absence of such a specification disinclines 
manufacturers firom paying serious attention to the inquiry, and vague 
statements of price are alone obtained, unless, with full particulars of 
the service required, the decision as to the form of rail be left to an 
engineer, or to the manufacturer, who should then be asked, on his 
part, to furnish a specification. The points which determine the price, 
and on which information should be furnished, are as follows : — 

1. The section of rail required and the weight per yard, 

2. The limits of difference in weight above and below that specified 
within which the rails will be received. A margin of 2 per cent on 
single rails and i per cent, on the totkl quantity are usual limits. 

3. The length of the rails and the degree of accuracy in this respect 
which is demanded. For rails of 40 lbs. per yard and upwards, 24 fb is 
an ordinary length, while for rails of from 10 lbs. to 40 lbs. a yard, a 
length of 18 ft. to 20 ft is more usual ; and a difference of about \ io^ 
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over or under the specified dimension is usually allowed. In rolling 
rails, a certain number are found to be short or defective at the ends; 
and in such a case it is economical to cut them to shorter lengths rather 
than to waste the labour already bestowed on them. It is usual for 
the purchaser to accept these shorter lengths, if of certain specified 
dimensions, and if they do not in the aggregate exceed 10 per cent, 
of the i^hole quantity. Where such a concession is not made to the 
exigencies of manufacture, an extra price of from 5s. to los. per ton 
would have to be paid for the rails of standard length, to recoup the 
maker for the short rails which are wasted. 

4. The tests which the rails must satisfy. The quality of rails is 
ascertained by testing a certain number with blows from a steam- 
hammer, and bending and breaking them by a falling weight Very 
often the process of manufacture is also specified, but although the 
purchaser may naturally require a certain quality (and in iron rails 
even a peculiar arrangement of material), it is obviously unfair to 
bind the manu^cturer to exact processes and to make him respon- 
sible for results also. The latter is the more important condition to 
enforce. Sometimes a guarantee of durability for a term of years is 
demanded; but manufacturers before agreeing to such a condition 
require full and trustworthy information as to the kind and amount 
of traffic 

5. The kinds and quantities of fishing-plates^ bolts^ spikes^ or other 
accessories which are required. Great care is necessary in arranging 
the holes in the rail to suit the fishing-plates and to ensure the proper 
position and jointing of the rails when laid in place, and these points 
should be exactly specified. Due accordance of the holes, plates, 
and bolts having been arrived at, uniformity is maintained by work- 
ing to templates and applying gauges to every rail Surplus fasten- 
ings are generally provided ; 5 per cent extra fishing-plates and 10 
per cent, extra bolts and spikes being usual quantities. 

6. The place and periods of delivery. The expenses of transport 
bear a considerable proportion to the total cost of rails exported, 
and it is to the purchaser's advantage in inviting tenders to give the 
option of several shipping ports, so as to suit the localities of the 
different manufacturers. 

Some or all of the foregoing conditions may be left to the discre- 
tion of the engineer or agent who purchases the rails, or even to that 
of the manufacturer ; but it is then necessary that they should be 
acquainted with the circumstances, viz. — 
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The gauge of the railway ; the kind and quality of the permanent- 
way and ballast ; the kind and arrangement of the sleepers (or free 
scope to design these also) ; the radius and frequency of the sharpest 
curves ; the kind of locomotives in use, their weight when loaded, the 
length of rigid wheel-base on which the load is distributed and the 
maximum weight imposed by any one pair of wheels ; the section 
of the wheel tires to which the head of the rail must conform ; the 
probability of sand being frequently used (for 'the use of sand on 
slippery rails on steep inclines, and the skidding of the wheels, 
rapidly wears out the rails); the nature and probable amount of 
traffic per day which is expected to pass over the raib, and at what 
speed. Of course, where the rails are for a railway where patterns, 
rules, and conditions have been established and are well known, it may 
be sufficient, when making a bargain to stipulate for the usual pattern 
and the usual conditions ; but these conditions, even if well known, 
should be recited in each case before an absolute contract is made. 
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Chairs are required principally for double-headed rails which lie 
on cross-sleepers, but as this form of rail is not largely used except in 
£ngland, the quantity of chairs exported is small in proportion to thai 
of rails. But the quantity used in England is so large that great 
economies in manufacture are rendered possible. Special machinery 
is used for moulding the chairs, and by this means a much laiger 
tonnage can be produced in a given time by a certain number of 
men than is possible with other castings, even of a simpler form, made 
by hand ; and the cost of production is proportionately low. There 
are several foundries in England producing more than 1,000 tons 
of chairs weekly. 

The selling price of chairs ranges from £1 to £1 above that 
current for pig-iron, so that when pig-iron is at jQ^y ordinary chairs 
can be purchased for from jQ^ to £6, Chairs are made of size and 
weight according to the size of the rails, the distance apart of the 
sleepers, and the weight and speed of the engines. On En^h 
railways of the standard-gauge, sleepers are generally placed from 
28 in. to 39 in. apart, and the chairs weigh from 25 to 50 lbs. each. 
Locomotives are heavier than in the earlier days of railways, and a 
laiger bearing surface than formerly is needed for the rail. It is on 
the main lines of railway, exposed to constant and heavy traffic, that 
chairs weighing more than 35 lbs. are used. Chairs are seldom 
used for flange rails, as these are held down to the sleepess by 
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spikes, fang-bolts, or clips; and chairs are still less necessary for 
bridge-rails laid on longitudinal sleepers. In buying railway chairs 
it is usual to specify certain tests by which the quality of the iron 
may be ascertained, the test being generally that of loading sample 
beams or bars of iron. 

Chairs are fixed to wooden sleepers by iron spikes or wooden trenails, 
or by both. Iron spikes by themselves are not effective, as the tremor 
caused by the passing of trains loosens the spike and causes it to rise 
above the chair. Trenails are about 6 in. long, made of heart-of-oak, 
and are turned in the lathe to a diameter of about i^f^ in., and then 
squeezed by hydraulic pressure to a diameter of i J in. The trenails fit 
tightly into holes in the chairs through which they are driven into 
the sleeper,' and the lower part in the sleeper swells, when exposed 
to wet, into its original diameter, so that it cannot come out ; but in 
the course of time it is liable to rot and break off at the neck or 
shoulder below the chair. On the principal English railways where 
this system of fastening is adopted, two or even three trenails and 
an iron spike are used for each chair. It has been attempted to 
combine the advantages of the two kinds of fastenings by using a 
wooden trenail with an iron spike within it, but this has not been 
widely adopted. Trenails cost about ;^4 per thousand. Iron spikes 
cost from £^2 to jQz pcr thousand, or from £^\ to £,^ per ton 
above the current price for ordinary bar-iron. The rails are held in 
the chairs by wooden keys or wedges, which act as a cushion to 
deaden the percussion of the passing trains, and which can be driven 
in and tightened from time to tiihe as they shake loose. The keys 
are generally made of fir-wood compressed, and those of a size suit- 
able for a standard-gauge railway cost about £,^ per thousand (fir), 
£,^ (elm), and £fi (oak). V^irious kinds of metallic wedges have 
been tried, but except in hot countries (where spiral wrought-iron 
keys have been found suitable) nothing has proved so effectual as 
wood for double-headed rails held in cast-iron chairs. 

It is usual to furnish manufacturers with exact full-sized drawings 
of the chair required ; and if a new pattern has to be designed, it 
must be based on the following data : — The section of the rail ; the 
method of jointing the rail and the keying of the rail to the chair ; 
the system of permanent-way adopted ; the size of sleeper and the 
kind of wood; the distance of the sleepers apart; the maximum 
weight imposed on the rails by any pair of engine-wheels, and the 
speed of the trains. 
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Sleepers. The Sleepers used on English railways £ire almost invariably made 

Usually of wood, of wood either of a rectangular or half-round section; the timber 

being creosoted or otherwise saturated with a preservative material, 

Prices. to prevent decay. The price depends mainly on the proximity of 

suitable growing timber, or the price at the nearest port where 

timber ships arrive ; Baltic red wood (fir or pine) being the kind 

generally imported. In England from 5d. to 8d. per cubic foot is 

the range of price for half-round cross sleepers, and from 8d. to i2d. 

Half-round for rectangular sleepers. Half-round sleepers are generally 10 in. 

lines. wide, 5 in. deep, and cost therefore from isd. to 24d. each. Their 

use is confined almost entirely to narrow-gauge railways, or temporary 

Rectansruiar lines such as contractors use. Rectangular sleepers for standard-gauge 

s eepers. railways are generally 9 ft. long, 10 in. wide, and 5 in. deep, and cost 

For standard therefore from 2S. to 3s. each, to which must be added from 8d. to 

gauge. ^^ ^^^ creosoting. For lines of mfetre gauge or those of 3 ft 6 in., 

For little railways, rectangular sleepers, 9 in. by 4! in., will suffice; and for little rail^ 

See Page i43. ways of 2 ft. and 2 ft. 6 in. gauge, rectangular sleepers 7 in. by 2^ in.; 

the prices for these smaller sizes being not only less, but less 

per cubic foot, because they can be sawn from smaller and less 

Distance apart of valuable timber. On standard-gauge railways the sleepers are generally 

s eepers. j^.^ about 3 ft. apart ; from i,8oo to 2,000 sleepers being required for 

each mile of single line; but on narrow-gauge railways laid with 

light rails, the sleepers should be nearer together, 2,400 per mile 

• Longitudinal being about the number required. Longitudinal sleepers are pre- 

s eepers. ferred by some engineers as affording a continuous and stable road, 

and as allowing lighter rails than when cross sleepers are used ; but 

the general opinion is against this system. Such sleepers are usually 

As used on i2in. wide and 6 in. deep, but on the Great Western Railway in 

see^g^24o. Eugkud, lougitudinal sleepers 14 in. by 7 in. are used for supporting 

Cost. bridge rails ; these larger sizes costing (creosoted) 2s. per cubic foot, 

or about i5d. per lineal foot at a time when the former cost i8d. 

per cubic foot or 9d. per lineal foot 

Indigenous timber In Constructing railways in any country, the presence or absence 

seeflge%^p^^r. of timber suitable for sleepers is one of the many local circumstances 

which determine the cost of the line. Large quantities of sleepers 
Baltic timber, are imported into England from the Baltic timber districts, and, after 
Export. having been creosoted or otherwise treated, are re-exported to 

colonial or foreign railways ; and only rarely are the sleepers sent 
direct from the timber countries to their final destination. Difficulty 
arises sometimes in the shipment of sleepers because of the delete- 
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nous effect which creosote has on other ciaigo ; and it may become 
necessary or expedient to charter vessels expressly, or to take advan- 
tage of vessels carrying coal, iron, or other rough cargo. 

In many countries where there is no indigenous timber, or where 
the climate or the soil is unsuited to timber, the question arises 
whether iron sleepers may not be preferable, and in parts of India 
and other tropical countries, the ravages of ants are so destructive 
of timber that iron has had to be substituted. Yet the prediction 
confidently made by engineers when railways were first introduced 
into India, as to the impossibility of using timber sleepers in any of 
the railways there, has not been wholly justified by later experience* 
Creosoted wooden sleepers continue to be imported into tropical 
countries, and in some cases indigenous timber is used; but the 
latter is generally harder than fir, and more difficult to work, and it 
is necessary to bore the holes for the spikes. On railways under 
English control in non-tropical countries, timber is still generally 
preferred, but iron and steel are largely used in foreign countries ; 
and it may be expected that the use of metallic sleepers will increase 
as the growing needs of railways and the lessening supply of timber 
tend to raise the cost of the latter. 

Much ingenuity has been directed towards the contrivance of 
substitutes for timber sleepers ; and the interests at stake are so 
large, and improvements, if effected, would be adopted on so wide a 
scale, that invention has been stimulated to a more than usual degree. 
Not only have various systems of permanent-way been contrived, but 
each one that has found favour, or has appeared likely to succeed, 
has been seized upon by other inventors, who have altered, modified, 
or improved the invention sufficiently to justify a claim for a new 
patent. Since 1850 probably scores of thousands of pounds have 
been expended, and, to . a great extent, wasted by inventors, manu- 
facturers, and others in experiments connected with iron sleepers* A 
leading type amongst such inventions is Greaves* "pot " sleeper, which 
not only has proved useful and successful, but has served as a start- 
ing-point for a variety of similar contrivances. This pot sleeper is of 
cast-iron, is circular, and in form is like an inverted bowl or saucer, 
the rail resting on the convex side against a chair or bracket cast upon 
it, the sleeper and chair being thus combined in one piece. These 
sleepers weigh about 80 lbs. each for standard gauge or 5 ft. gauge 
railways, and cost from los. to 15s. per ton more than the current 
price of ordinary chairs. On standard-gauge lines these sleepers 
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are placed about 3 (I. 6 in. apart under the centre of each line of 
rail, and are tied across the track by wrought-iron bars. A hole in 
the casting allows the plate-layers to ram up or adjust the ballast 
below the sleeper. Several modifications of this sleeper have been 
made; an oval' shape with two or three attachments instead of the 
one on the circular casting, being their chief characteristic ; while in 
some the convex bowl is made of a corrugated or undulating shape. 
The oval or elongated castings weigh about 100 lbs. each. 

Railway engineers on the Continent have done more than English 
engineers in devising substitutes for wooden sleepers, and have gene* 
rally preferred wrought-iron or steel to cast-iron. The greater weight 
of cast-iron is an advantage after the track is laid, but the weight and^ 
liability to fracture are disadvantages for transport. Cast-iron is 
more durable against rust than wrought-iron or steel, and its greater 
thickness can better afford wasting by rust. On the other hand, cast- 
iron is the less elastic material, and is unsuitable for laying on a hard 
road. Some wrought-iron sleepers are of the bowl type, round or 
oval, smooth or corrugated, and are made by being pressed in dies 
while hot. Some are rectangular, and are of the self-contained 
buckled-plate arch form. There is a much greater variety than 
in cast-iron, although the scope of the designer is more limited by 
the exigencies of manufacture. Everything connected with the per- 
manent-way of a railway is wanted in such considerable quantities 
that the relative cost of different systems goes far to determine 
choice. To this end, a shape which can be made in a rolling-mill 
has been the aim of some designers. Instead of the bowl form, which 
needs to be pressed in a die, a trough form, which can be rolled 
like a channel-bar, has been successfully adopted. Laid with its 
open side downjvards, some engineers use it as a longitudinal support 
for the rail, and others as a cross-sleeper. Wrought-iron sleepers 
have been generally made about \ in. thick, and being about one- 
third the weight of cast-iron sleepers, and costing less than three 
times as much per ton, the expense is rather less, and much less in 
regard to carriage. When steel is substituted, it is generally made 
about one-fourth part thinner than wrought-iron, but the cost is 
about the same. 

There is as much variety in the modes of attaching the rail as in 
the sleeper. Bolts, cotters, and clips of different kinds have been 
designed, but the simplest are generally found to be the best as well 
as cheapest. The fastenings are mostly of wrought-iron, occasionally 
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of steel ; but where these, because of their shape, would cost more 
than 3d. per lb., malleable cast-iron annealed is sometimes substi- 
tuted. Most iron sleepers are, as above described, adapted to rails 
of ordinary kind, but in some cases, instead merely of a modification 
of the sleeper, the whole permanent-way is modified, and rails have 
been specially contrived like single bulb-iron, without a flange or 
other protuberance at the bottom, so that they can lie between two 
iron supports, which together form a longitudinal sleeper. 

To allow a proper choice of sleepers, the following information is 
necessary : — 

1. The section of the rail, the gauge of the railway, and the gauge 
of the " six-foot " {entre-voie). 

2. The kind of ballast and thickness of ballast available or pro- 
posed. 

3. The kind and weight of the locomotives and rolling-stock, with 
the maximum weight on one pair of wheels, and the speed of the 
trains. 

4. The climate, not only in regard to extremes of temperature, but 
also as to the rainfall, and its effect on the permanent-way. 

5. Information concerning the kind and cost of indigenous timber. 
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Switches, or points {rails mobiles), are- made of iron or steel, and 
as the extra cost of steel bears but a slight proportion to the whole 
price, it is generally preferred. Great ingenuity has been exercised 
in connection with switches, and modem invention has reduced to a 
minimum the risks that must always attend the passage of trains 
through the points, especially facing-points. The risk is obviously 
much greater at facing points a than at trailing points b, and there- 
fore the former are avoided as much as possible on main roads, the 
trains having therefore to back when passing on to a siding. This 
plan, however, involves delay in shunting. Owing to the great 
variety of rails used on different railways, switches necessarily vary 
also in their details. From £16 to ;^2o is the range of prices for cost of switches, 
different kinds of switches made of iron (including rods, levers, and 
boxes), and from ;^i8 tO;^25 when made of steel. Very often, rails 
of the kind used on the railway are supplied to the manufacturer, 
who, having the cost of the material thus saved to him, makes the 
rails up into switches at about two-thirds of the above prices. 

These prices are for standard-gauge railways; for narrow-gauge 
lines, with rails not exceeding 40 lbs. per yard, the prices are only 
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about three-fourths of those stated above. To enable a manufacturer 
to supply suitable switches, he should be informed of the section of 
the rail and the system of permanent-way ; the gauge of the railway 
and that of the six-foot ; the radius of the turn-out ; and whether 
the railway is to be a durable one for busy traffic or merely for 
temporary or infrequent use. 

Crossings are made either of steel rails or of solid cast-steel or 
of cast-iron " chilled " by being cast in iron moulds, which process, 
by cooling the metal quickly, gives an intensely hard face. Chilled- 
iron crossings are more durable than any kind of steel, and for 
situations of minor importance or for slow-speed traffic are best as 
well as cheapest. For fast-running trains however, where steel rails 
are used, crossings made of steel rails are preferable, as they have 
the important advantage of being similar in regard to strength and 
elasticity to the rest of the road. This circumstance outweighs the 
greater durability afforded by the more rigid chilled-iron crossing. 

As is the case with switches, there are many varieties of crossings, 
the choice depending mainly on the gauge, the weight and section of 
the rails, the nature of the traffic, and the position of the crossing: 
in relation to the main roads. On these circumstances, and on 
the accessories which are required, such as check-rails or special 
chairs, the price also depends; but a range of from ;^io to £,\<^ 
includes almost every kind. The angle should not be finer than i 
in 10, nor. coarser than i in 5. For light rails, or for temporary or 
contractors' purposes, a set of points, including switch and crossing 
complete, costs about ;^i6. Where a siding crosses a main road 
without connecting with it, what is known as a '* diamond crossing *' 
is used. If the lines cross at too sharp an angle there is a risk of 
the train wheels leaving the proper track, especially if the train has to 
be started when on the crossing. The angle should not be sharper 
than I in 6^ when there is full scope for choice ; and the regulations 
of some railways forbid a sharper angle than i in 8, although an angle 
even of i in 12 is sometimes ventured on. Engineers and others 
should, in purchasing crossings, specify clearly what they wish to 
include, because the term has different significations. Thus, by a 
railway engineer or contractor, a crossing is often intended to mean 
the entire material for crossing from one line to another, and not 
only includes the switch and crossing pieces, but the rails that join 
bne line of rails to the other. And even more than this is sometimes 
included where a " cross-over road " crosses several lines of railways. 
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But by a maker of such things, a crossing means, if not otherwise 
specified, only the actual crossing-piece. In such cases, therefore, it is 
necessary not only to state the gauge of the railway, the gauge of the 
" six-foot," and the section of the rail, but to furnish a sketch show- 
ing the position of the lines of railway which are to be joined and 
the angle of the roads. 



Turn-tables have been in use from the earliest days of railways, both 
for engines and carriages, but for the latter purpose they are not 
used so often as formerly, as they occupy much space, and are an 
obstruction on the permanent-way. They have been superseded 
in many situations by traversers. The earlier turn-tables for locomo- 
tives required elaborate racks, winches, or other gear for turning them, 
a process occupying five or more minutes. Now, by balancing the 
turn-table carefully, it can be easily pushed round by one or two men 
in half a minute. The diameter of a balanced turn-table of this sort 
must be from 3 to 6 ft greater than the length of the wheel-base of 
the engine and tender, because the centre of the wheel-base seldom 
coincides with the centre of gravity of the engine ; the latter varying 
also according to the quantity of water and fuel in the tender. 
In order that the turn-table may revolve freely, there should be no 
pressure on its outer wheels (which serve only to sfustain such por- 
tion of the weight as may be unbalanced), but all the weight should 
be borne by the centre pivot An experienced engine-driver will 
accomplish this by bringing his engine to a standstill at such a 
point that the centre of gravity shall be exactly over the centre pivot ; 
and the turn-table, with the load thus adjusted, is easily pushed round. 

The great length and weight of a modem locomotive with its tender 
have rendered necessary larger and stronger turn-tables than formerly, 
and instead of 40 ft. maximum diameter, 42 ft. and 45 ft. are 
(1880) often required. In the United States, turn-tables from 50 to 
60 ft. diameter are made to suit the long engines and tenders in use 
there. It is very important that a turn-table be of great strength, so 
that it may not deflect under the load (a modem engine and tender 
equipped for service weigh upwards of 60 tons), well fitted so that it 
balances and moves easily, and that the central pivot and its bearing 
be properly hardened. 

A locomotive turn-table 40 ft. in diameter of the best modem con- 
struction, and inclusive of the iron-work beneath it, costs from ^£"350 
to ;^4oo, or if covered with a floor of iron plates, from ;;^4oo to ^^500. 



Turn-tables. 
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Engine 
turn-tables. 

See ViGNETTB, 

page 939, 
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Large turn-tables 
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See Chap, XXIL, 
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Small turn-table. 



See page 943- 



Traversers. 

Where used. 

Engine traversers. 

How propelled. 
See page i Mi, 



Carriai^ 
traversers. 



Prices. 



For turn-tables of greater or less diameter than 40 ft an addition or 
deduction of about ;^io per foot of diameter should be made. To 
the above prices must be added the cost of excavating and lining the 
circular pit in which the turn-table revolves, and of building the 
foundations of masonry or brickwork on which the iron pivot and 
rails will rest If only one siding passes over the turntable the 
circular wall need only be built where the sidings come. Sometimes, 
for small turn-tables, the circular lining is iron instead of brickwork. 
Centre-balance turn-tables should be fitted with relieving apparatus 
at the ends, so arranged as to wedge up the table to the outer 
bearings to give it stability and steadiness there while the engine is 
entering or leaving it. 

Turn-tables for carriages and trucks are made from 12 to 20 feet 
diameter, and for those made of iron the prices range from ;£7 to 
;^ 1 1 per foot of diameter, the higher rate including the cost of iron 
plates on the top, instead of the wooden floor which is often used, 
but. which is liable to ignition from the locomotive. Small turn-tables 
6 ft diameter, cost from £,2^ to ;^3o if wholly of iron, and such 
turn-tables are useful on wharfs and landing-jetties. Small iron turn- 
tables for railways of from i ft 6 ia, to 2 ft. 6 in. gauge, such as 
are used at mines and quarries, cost ^1^5 to ;^i5. 

Carriages are seldom turned for the mere purpose of reversing their 
position in a train ; but many station yards are so arranged that a 
partial turning of the carriage is necessary for the marshalling and 
arranging of trains. Turn-tables are generally placed on sidings, and 
they should not be placed on main lines, or where running trains 
may have to pass over them. 

Traversers^ by which engines or carriages can be transferred from one 
line of rails to another across the station or station yard, are made 
of a length to suit the rolling-stock. £ngine traversers are rarely 
used except in repairing-shops, where they sometimes afford a con- 
venient means of bringing an engine into or out of the shop, and in 
such cases they are propelled either by a small engine fixed upon the 
traverser, or a quick-running cotton, hempen, or wire rope, worked by 
an adjacent fixed engine. Carriage traversers are made from 12 ft 
to 18 ft long, for although carriages measure (including the buffers) 
from 22 to 30 ft. the traverser need be but little longer than the 
wheel-base. Traversers are principally needed where space is limited 
for shunting, and they are seldom required where space is ample 
and the traffic is smalL Engine traversers cost from ;^4oo to ;^6oo. 



Part II.] Railway Equipment. Signals. 255 

and about ;£'aoo more if a propelling engine is added. Carriage 
traversers cost about ;^ioo. 

The choice or design of a turn-table or traverser depends on the Choice or design, 
following points, concerning which full information is necessary : The 
gauge of the railway and that of the six-foot ; the section of the rails; By weight and 
the dimensions and weight of the engines or carriages, and the weight * carrilj^s! *° 
on each pair of wheels. If for engines, a longitudinal and cross view 
should be furnished, showing the extreme projecting parts, such as 
the coupling-rods, cylinder-cocks, and cattle-guards. If for carriages, 
the shape and dimensions should be indicated by a profile showing Seepage39r. 
such projections as foot-boards and steps. It is needful also to furnish 
a sketch of the site on which the turn-table or traverser is to be fixed, 
indicating adjoining lines of rails. The addition of a propelling- 
engine is determined partly by the cost of hand-labour and of fuel. 

Signals of a very simple kind were used in the earlier days of signals. 
European railways, and the subject demanded and received but 
slight attention. This is still the case on many foreign railways 
where the traffic is small, but on the principal European lines, e^ of simple Und ior 
pecially those in England, the multiplication of junctions and cross- ■"*• trafflc. 
ings, the vast increase of traffic, and the running of quick passenger- 
trains and slow goods-trains on the same line, have rendered elaborate Elaborate signals 
precautions necessary for safety. The most notable changes in signals " ng an . 
in recent times have been connected with the ^' block system,'' which Block system, 
may be briefly described as the enforcement of an absolute distance, 
or space of rails, between trains following each other on the same line, 
instead of the mere interval of time which used to be relied upon, 
and which was the cause of many accidents. Signals being placed at 
intervals, generally ranging firom a quarter of a mile in the Vicinity 
of a station to two or three miles between stations, no train is allowed 
to pass one such signal till the preceding train is announced to have 
passed the next one in advance; the electric telegraph being, of 
course, essential to this system. The tendency of modem improve- 
ments has been towards automatic security, which may be defined Automatic 
as the prevention by mechanical means of the display of opposing 
^signals which would involve or allow collision. By an ingenious interlocking 
system of "interlocking" the different levers, it is impossible to move *^*"' 

any lever till all others — ^and with them the signals worked by them — 
are secured. This plan has been still further improved by bringing signals and points 
into the same interlocking system the levers working the points or 
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switches, so that, except by a positive disregard of signals, no train 
can advance in a direction which will involve collision. The inter- 
locking of levers and points and the electric block system have been 
also combined, attaining — though at considerable expense — a high 

Facing.point lock, degree of automatic perfection. Accidents having occurred through 
See page fS'- ^^ imperfect closing of points for the passage of an approaching 
train, and through the altering of points before the whole of a train 
has passed, the points are now further protected by the addition to 
the apparatus of the " facing-point lock," which secures the proper 
closing of the points before a train can be signalled to approach, and 
prevents any moving of the points whilst a train is passing over them, 
no movement of the points being possible even by wilfulness or 
inadvertence on the part of the operator till the whole train has 

Safepassaee of passed. The passage of trains through stations, or into sidings, 

through sutions. or on to junctions, is thus made safe ; and a quick succession of 

trains rendered possible. At some of the more important junctions 
and stations in England the number of levers in one signal-house is 

Numerous levers ^ great as 150, while groups of from 20 to 50 are very commoa 
*° *houw^"** Each point or switch, and each signal, requires one lever (sometimes 

two points are connected with and worked by one lever), and the cost 

of the interlocking apparatus, exclusive of the cost of the signals them- 

Cost. selves or the switches, may be stated approximately at about £,*i per 

lever; and including the cost of signals, connecting wires, or rods, house 

Improvements in and telegraphic apparatus complete, ^^25 to £i<^ per lever. Con- 

detaUs. currently with the elaboration of signalling, improvements have been 

made in the mode of constnicting the signals. Malleable cast-iron 

and steel have been substituted for certain parts formerly made of 

Seepage ioi. cast-iron ; and in the more important situations tubular rods have 

been adopted instead of wire for transmitting the power. 

English S3rstem Thesc mcchauisms are in England considered so essential to safe 

compulsory. , , 

See pages 4 and 71, railway workiug as to be made compulsory by the Board of Trade 

authorities, whose sanction is necessary to the opening of new lines 

foreign counteies! ^^^ passcnger traffic They are available for foreign countries when 

I the traffic grows large enough to require it, but the simpler forms of 

yi single signals are still all that are required on railways yirhere the 

I traffic is small. The various discs, arms, semaphores, and other « 

I means of indicating safety^ caution^ and danger which were adopted 

vj independently on different railways, are rapidly giving way to the 

13a one simple kind of "semaphore," the universal adoption of one 

Semaphore. fonn of signal greatly adding to the simplicity of railway working. 
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Three signals are indicated : at night by lamps, red for " stop," green 
for "go cautiously," and white for " full speed j'* and in daylight by 
semaphore arms at 90% 45% and nil^ but on some railways the nil 
signal has been abolished, as it might be given by the action of the 
wind, and the two signals " stop" and "go on " are alone used. 

A semaphore post of wood 20 ft. high, with arms, lamps, and all 
appurtenances, costs from ^16 to ;^2o, which is increased to about 
^30 if the wire and extra gear necessary for working it as a distant 
signal be included. When required of a greater height than 20 ft, 
the price of the post increases by about los. per foot up to 40 ft. 
In countries where suitable timber is procurable, expense may be 
saved by importing only the ironwork and fittings. Posts of light 
iron framework are also used, and are very suitable for countries 
where timber is expensive, or for climates destructive of wood ; they 
cost in England from 15 to 25 per cent more than wooden posts. 

When it is desired, for a foreign railway, to obtain the advantage of 
the latest English inventions and experience in regard to the signal 
equipment of a junction or station, the following information should 
be furnished to the engineer or manufacturer to whom the choice, 
design or purchase is entrusted. 

1. A plan of the station or junction showing the positions of the 
different lines and sidings, with a description of what each line is 
used for, the direction in which the traffic runs on each line being 
indicated by arrows ; the curves on the approaches ; and any objects 
which may interfere with the view of the signal by the driver of an 
advancing train, and which may render lofty signal-posts, repeating- 
signals, or special positions necessary. 

2. An approximate description of the number and length of trains 
and the intervals of time between them; distinguishing through 
trains from those which stop or shunt The probabilities as to 
future increase in the traffic should be stated. 

3. The speeds at which the various trains pass through the station. 

4. The amount and nature of shunting and marshalling ; the rela- 
tive amounts of passenger, goods, and mineral traffic to be dealt with 
being stated. 

5. The gradients for at least one mile on either side of the 
signals. 

6. Whether the electric-telegraph is in use, or is intended to be 
used, for signalling between stations, or is available for the purposes 
of the railway. 

S 



Two signals only. 



Stop and go on. 
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Existinff signals. 7. The kind of signals already in use on the railway or on the 

other lines with which it is likely to be connected. 
Oil or gas lamps. 8. Whether gas or oil is available for the lamps, and if oil, its kind, 
cumate. 9. The nature of the climate and the local circumstances affecting 

the transport of material, especially of long signal-posts; and the 
se^pagt s64- facilities for repairs. 




•133 

Tank required. 



Water-cranes. Water-cranes^ and other apparatus for supplying the tank of a 

locomotive, depend for their arrangement mainly on the source from 
which the water is to be obtained and on the frequency and im- 
portance of the supply required. Thus, on a contractor's temporary 
railway, or where the minimum outlay is of importance, an ordinary 
hand-pump may be used to lift the water from a well or pond and 
deliver it into the engine-tank through a hose pipe, the latter being 
for convenience attached to a post. Such an apparatus would cost 
from ;^i 2 to £2$. Even in England hand-pumping is often employed 
at small stations, but an elevated tank is always employed, so that 
though the pumping be slow, the engine can be quickly supplied 
from the tank. The latter may, for temporary service, be cheaply 
made of wood If the tank be placed near the railway, a projecting 
pipe or swinging-jib gan deliver the water to the engine. A circular 
tank for holding 1,000 gallons, and complete with supporting 
column, valves, and hose, would cost jQ^o. Even where water- 
mains for railway or general purposes are sufficiently near to be 
utilised, a tank is necessary to ensure an inunediate and abundant 
supply for the water-cranes. Soiiietimes the tank is at a considerable 
distance from the swinging-jib, and an iron column or stand-pipe is 
needed. If made with a swinging-jib, as a separate and self-con- 
tained structure, it is known as a water-crane. One of these, 
as above described, with valves complete, costs from jQ^^ to ;^6o, 
according to kind and quality; an additional cost of about £^ 
being incurred if a fire-grate or stove is attached for preventing 
the water from freezing in cold weather. Cast-iron tanks are 
generally preferred as being more durable and more easily put 
SeeTAUKs,^ags222. together than wrought-iron tanks, and except that the pieces are 

liable to damage in transit, are, in most respects, better than tanks 
of wrought-iron. A capacity of from 4,000 to 12,000 gallons is suit- 
able for the purpose, but of course a larger tank is needed if the 
water-supply is intermittent and storage is necessary, or if the number 
of locomotives taking the water is great. At important stations, tanks 
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holding 100,000 gallons are provided. The apparatus should be 
at least equal to filling the largest tender in five minute?. 

Where there is no independent source of water from which the tank 
or water-crane can be supplied, and where hand-pumping is not con- 
venient or sufficient, a pumping-engine becomes necessary, and the 
cost depends primarily on the depth from which the water has 
to be lifted* When a pumping-engine is employed for this pur- 
pose, it is usual to make the tank large enough for supplying the 
station buildings and for general purposes. A pumping-engine com- 
plete, with boiler of the kind usual for this purpose, will cost from 
;;^8o tO;^5oo, accordiug to the exigencies of the case. But at small 
stations, or where water is only needed in small quantities, the in- 
conveniences of a steam-engine may be avoided by the use of a 
gas-engine, hot-air engine or other small motor. Locomotives may 
be rendered partly independent of water-cranes and tanks by having 
permanently attached to them an " elevator," which, by means of steam 
from the boiler, will draw up through a hose-pipe water from any con- 
tiguous well or pond But the durability of the boiler depends greatly 
on the quality of the water, and there is a risk of impure water from a 
chance supply. The system has been adopted on some railways of a 
feed-trough laid between the rails and kept filled with water, which, as 
the engine advances^ rushes up a shoot lowered from the tender. About 
half-a-mile of level track is essential to this method, which has been 
adopted both to obviate the necessity for stopping the trains and to pro- 
cure a supply of better water than can be found near a stopping station. 

Elaborate arrangements are usual at large railway centres or 
important stations where the traffic is great The supply of water is 
then arranged in conjunction with that of fuel, and a covered plat- 
form, with coal-stores, cranes, and water-jib, is specially arranged. 
A proper design for such a stage or platform depends on the follow- 
ing information, which should be supplied to those concerned : — 

1. A plan of the site available, showing the lines and sidings and 
the approaches from the main line and adjoining station, with their 
gradients. 

2. The gauge of the railway and the kind of permanent-way. 

3. The sources of the water-supply, with its pressure or levels in 
regard to the level of the rails. 

4. The kind of fuel used and the quantity usually stored. 

5. The number of engines to be supplied daily; the shape and 
length of engine and tender* 
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See Chap. X, 
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6. The capacity of engine or tender tanks and the maximum con- 
sumption of water per mile. 

7. The extremes of temperature. 

8. The kind of building materials available. 



Bresk-down 
cranes. 

Set also Cha^. XXV, 




Useful also for 
loading goods. 

Prices. 



Narrow-gauge 
cranes. 

See CsAMBS. 



Cranes cheapened 

if buffers and 
springs omitted. 



" Break-down '* craneSy as used for clearing a railway i^er an acci- 
denti are jib-cranes mounted on railway trucks. They are generally 
provided with a loaded box for a balance-weight, and the jib will 
lower down to allow the crane to pass under bridges; the jib as it is 
raised increasing in power as the radius it commands becomes less. 
These cranes are also useful for loading timber or other goods, and 
for this purpose can be sent to roadside stations which are not pro- 
vided with cranes sufficiently powerful. Break-down cranes, com- 
pletely equipped for lifting 5 tons, cost from ;£35o to ;^4oo each ; 
and for 10 tons, from ;^5oo to ;^6oo each. These prices are for 
cranes suited to the standard-gauge, and include the expense of 
screw-jacks, crowbars, clamps, and other usual accessories. For 
narrow-gauge railways a capacity of 4 tons and 8 tons respectively 
are more usual, at prices rather less than those just named, but such 
a narrow base does not of itself afford sufficient stability, and it is 
necessary to anchor the crane-carriage to the rails. As a consider- 
able part of the cost is for the travelling-wagon, which must have 
buffers, springs, and usual appurtenances, like other rolling-stock, to 
render it safe when travelling as part of a train, cranes in other 
respects similar, but without springs and buffers, and furnished only 
with small wheels, can be purchased for about 20 per cent less. 
Cranes so made are often used on landing-piers and in factories 
adjoining a railway. A break-down crane should be accompanied by 
a van or waggon carrying a vice-bench, chains, screw-jacks, tools, and 
lamps ; and the tool-van and crane should always be kept in readi- 
ness, fully equipped, with lamps trimmed ; and workmen appointed 
who should be at call whenever the crane is required. 



Bridges. 

See Chap, VIL, 

Parti. 



Road and railway 
bridges differ. 



Bridges^ either over or under railways, depend for their design and 
cost on the local circumstances of each case ; and the points which 
determine the design have been already fully described One main 
point of difference between a road bridge and a railway bridge is that 
while the former requires a strong floor to support a load over its 
entire surface, a railway bridge has its load confined to the rails, 
which can, if desired, be supported by a mere skeleton or framework 
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bridge. If, for the sake of cheapness, railway bridges are made in this Frame bridges 
way, there is the obvious disadvantage that, in case of the derailment 
of a train, the carriages are liable to fall through the bridge. A some- 
what similar cheapness is obtained by the omission of parapets, a Parapets omitted, 
practice which is not favoured in Europe. It is difficult to keep the 
floor of a railway bridge water-tight, and in towns where bridges pass water-tight floor, 
over streets this circumstance is often a cause pf great inconvenience. 
The risk of leakage may be minimised by care in the design. 

The possibility of heavier locomotives being used on the railways 
at a future time should be considered when the bridges are designed. 
It is not so much the mere total weight as its distribution on the Effect of heavy 
wheels which determines the effect on the bridge. Tank and other ^SSSges?" 
engines, in which a great weight is concentrated on a short wheel- 
base> impose very severe strains on the bridges over which they pass, seepage tag. Pan /. 
especially on the cross girders. The engineer of the line and the 
locomotive engineer should be in accord concerning these matters. 

The kind of Station Buildings for passenger accommodation or for sution buildings. 
goods traffic depends so entirely on the particular circumstance of 
each railway and station that few general rules can be given. Where of simple kind for 
railways have to be made cheaply in a new country, or amid a sparse *^****p «»>iway8. 
population, very simple structures may suffice at the commencement, 
if the funds are needed for more essential parts of the equipment 
If the trains be few in number, waiting-sheds or huts, costing from 
£s^ ^^ jC^S^ each, may suffice as roadside stations; the selling TraiBc managed 
of tickets and transfer of luggage being entirely managed by the ^ ""^'nco" "<=*<>'• 
conductors who travel with the trains. And even where stations for "A*^^*^. 
passengers and goods have to be provided, buildings of a simple 
kind, quite unlike those usual on busy railways, may prove sufficient 
till the traffic has developed. Covered sheds for perishable goods, Covered sheds and 

cranes 

and facilities for loading and unloading vehicles conveying goods to 

or from the station, are among the first works which are necessary 

to the development of traffic. But though the outlay for stations may Ample land space 

often be wisely limited or postponed till increasing traffic indicates •^<»"^<* *>® ««<^"™ • 

the nature and extent of the buildings required, it is always advisable See page 62, 

to secure ample land-space for stations hereafter, as the value of land, 

even if not needed for the purposes of a railway, almost always 

increases if near a station. 

The experience which has accumulated in regard to the most suit- variety of design 
able forms of buildings in different climates is available to the locality!" 
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engineer who designs the railway, and who will generally endeavour 
to utilise the materials of the locality — though very often the iron- 
work and sometimes the entire structures have to be imported. 

seeChafs.xvi.^ Much of the local information which should be supplied to the 

Chap. iv.^PaH /. engineer is described in other chapters. No rule can be given for the 

cost of station buildings, for not only the cost of the materials but the 

High standard of Standards of excellence vary in different countries. In England, on 

English railways, the best railways, a certain comfort and completeness are required 

by law, and have to be given to all the rooms and offices connected 

with a station, so that even for village stations the cost will range 

Official rules. from ;^4oo to ;;^8oo J and as traffic increases, the rules established 

See pages 4 andji, by the government departments which regulate railways become more 

onerous. Such an outlay is seldom necessary on foreign railways. 

Iron buildings. ^" P^'"'^ ^^ South America and other countries, where building 
Set Chap. xxviiL "i^iterials are scarce, stations almost entirely of iron are imported 

from Europe. Such structures are generally composed of cast-iron 
columns united at the top by cast-iron spandrils or girders, on which 
rest a cornice and rain-gutters, the girder and gutter' being sometimes 

How constructed. Combined in one casting. Upon the girders are placed wrought-iron 

framed roof trusses or principals, which are generally made of some 

Corrugated iron. Span between 1 5 and 40 ft. The sides of the buildings are composed 
See page 143. ^^ shects of corrugatcd iron, and the roof is covered with zinc, corrugated 

iron, or tiles laid upon wood boarding or iron laths. Wooden doors, 
glazed windows, and the necessai}' internal fittings are also generally 

Wood lining and imported. Greater finish and completeness may be given to the 

partitions. buildings by lining the sides, partitions, and roof with boarding. 

Sometimes, even where the station buildings are made entirely of 

local material, verandahs or sheds for covering the platforms are 

Must be stable to imported. Structures of this kind may be made very light, but in this 

respect the climate and the liability to strong winds have to be con- 

Cost of transport sidered. In the case of iron buildings, there must of course be added 
cost at site, ^j^^ ^^^^ ^^ transport, of levelling and draining the site, and the cost 

of erecting the structure. 

For terminal or other important stations, where imposing buildings 
and laiige-span roofs are required, great expense may be incurred. 
Owing to the great area enclosed by such buildings, their high cost as 
compared with smaller stations is not immediately apparent, if the 
Large terminal ^ost per cubic foot be alone compared. The roofs of large span 
stations. erected in England for important terminal stations have cost from 

five to eight shillings per superficial foot 
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To allow a proper design to be made for a railway station, informa- 
tion is required on the following points : — 

1. A plan of the railway at the place where the station is required, 
showing the lines of rails, the sidings, junctions, and signals, the land 
available for buildings, and indicating the position, nearest the town 
or otherwise, most suitable for the offices ; the length of the trains 
which stop at the station, and a cross-section of the rolling-stock, 
showing the height of the floor from the rails, and a profile of the 
steps, roof, and loading-gauge. 

2. The rank which the station will occupy on the line, as first, 
second, or third rate — a definition which may be made according to 
the following circumstances : the size and population of the towns 
or villages adjacent to and making use of the station ; the number of 
trains through, and the number stopping at the station, as indicated 
by a copy of the time-table. 

3. The approximate number of passengers arriving at or departing 
from the station, and the anticipated proportions of first, second, and 
third class ; the number of railway servants who will be employed, 
and their grades, and whether living accommodation is required for 
the station-master or servants, and for how many ; whether the pas- 
sengers bring much luggage with them ; whether parcel traffic is to 
be provided for ; whether a mail room, or a postal or telegraph office, 
or a refreshment room is required ; if so, on which side of the station 
should any of these rooms be provided. 

4. The kind and social rank of people who will use the station, 
so far as will help to determine the kind of waiting-room and other 
accommodation necessary. 

5. Whether fires or stoves will be required in the rooms or offices ; 
if so, what kind are usual in the country, and what the kind of fuel. 
The method of lighting. 

6. Information concerning the climate, building-materials, transport, 
water-supply, and drains. 

If provision has to be made for goods traffic, or a goods-station 
is required, the following additional information must be supplied. 

7. The number of goods or mineral trains expected to stop at the 
station, and the approximate number of wagons, distinguishing between 
inwards and outwards traffic, so as to show which predominates. 

8. The nature of the merchandise sent from or to the station, and 
the weight of the heaviest pieces, so far as will determine the kind of 
buildings and cranes which will be required. 
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9. Whether much shunting will take place either of trains or 
trucks, and what siding accommodation will be necessary. 

10. The roads or approaches, and their levels, by which vehicles 
and goods will arrive at and leave the station. 
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Railway Workshops are required principally for the repairs of 
locomotives and rolling-stock, and also for work connected with the 
permanent-way and signals. £conomy both in the first cost and in the 
current expenditure in the workshops afterwards, depends to a large 
extent on the proper arrangement of the buildings and machinery at 
the commencement It is sometimes convenient to adopt a standard 
size and form of roof for all the sheds on the railway, roofing made in 
squares of 20 ft. or 40 ft being supplied, so that any number may be 
combined for any site. The roof principals may be made with advan- 
tage of the " saw " or " weaving-shed " shape, with a north light and 
ventilation. The stanchions or columns should all be suitable for 
attaching small lifting cranes, brackets for carrying shafting and some- 
times even for drilling-machines. The extent and the arrangement 
of workshops must be decided primarily by the length of railway and 
the amount of traffic to be provided for \ and the greater the scale 
on which the workshops have to be built, the greater will be the 
number of subdivisions that may be advantageously made for 
different processes. In colonies and places where private factories 
are not available for the ready purchase of materials and fittings, the 
railway workshop must be complete in a way not necessary in manu- 
facturing countries. Thus a small melting cupola with blower, and 
a brass foundry should be established at the outset On the other 
hand, in designing workshops for a small railway, the methods which 
obtain in larger shops, or on more important railways, should not be 
imitated, as special tools and systems which may be applicable in the 
one case, but which involve considerable outlay at the commence- 
ment, will be quite out of place in the smaller one. Not only have 
new tools and automatic processes been invented for locomotive 
work, but lathes and other machines common to all engineering 
factories are adapted to special operations of detail, the need for 
which repeats itself so regularly as to keep machinery and men con- 
stantly .employed. Thus, while in a small workshop the same wheel- 
lathes may serve for the very diflferent work of turning large 
driving-wheels and small wagon wheels, in a laige workshop separate 
lathes are set apart for each of these duties. Besides the ordinary 
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lathes, drilling-machines and other tools usual in all engineering and 
boiler factories (and described in another chapter), the following may 
be enumerated as special to a railway workshop : — 

Wheel- lathes ; tire-boring machines ; tire-blocking and stretching 
machines ; lathes for the crank-axles of engines with inside cylinders ; 
lathes for w£^on and plain axles ; crank-pin boring or quartering 
machines ; multiple drills for tube plates; wheel-rim drilling machines; 
wheel-rim shaping machines ; key-way drilling-machines ; hydraulic 
presses for forcing wheels on and off their axles ; cylinder-boring 
machines for a pair of cylinders ; sheer-legs for lifting locomotives off 
their wheels ; hydrants for washing out the engines. 

Of the above, which are all fixed machines, some may be dispensed 
with in a small factory. Thus, there is no need to devote lathes 
specially to turning axles or boring cylinders, as an ordinary 12-in. 
screw-cutting lathe may serve for both these purposes ; so also, tires 
may be bored out on the chuck of a wheel-lathe instead of on a special 
machine ; crank-pin boring-machines may be dispensed with ; one 
wheel-lathe may suffice, if made large enough for the largest kind of 
wheel, or even an ordinary gap lathe, useful for other purposes, may 
be sufficient. Besides the fixed machines, VL\xm!tTO\x,% portable machine- 
tools have been devised, which can be affixed to the work instead of 
detaching the pieces to be operated on from tlie locomotive and 
bringing them to the machine ; the use of such machines allowing 
great economy in time and money. Thus, there are tapping-machines 
for the stays of fire-boxes, machines for cutting key-ways in eccentrics, 
and machines for re-boring cylinders while in their places. Other 
special appliances are being introduced into large locomotive work- 
shops. Among these are hydraulic or other machines for testing 
springs ; weighing machines for ascertaining the distribution of weight 
on the various axles ; powerful travelling-cranes for lifting locomotives 
entire, and carrying them from one part of the shop to the other. 
Such cranes render unnecessary the sheers above referred to. 

It is obvious that the extent to which the above tools can be 
adopted in any particular workshop, depends on the kind and amount 
of work to be done, and on the amount of capital available for it. 
Repairing-shops for a small railway employing only six locomotives 
and 100 vehicles would if built in England cost from ;^i 0,000 to 
;^i 5,000, including machinery and tools, but;^8,ooo will generally 
suffice at the commencement From this upwards there is hardly 
any limit ; the outlay on some of the establishments for the principal 
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English railways approaching a million sterling. Indeed, there is on 
some railways a tendency to create manufacturing establishments 
unduly large, which absorb much of the capital and management 
which should be devoted to the primary purpose of carrying traffic. 

Although one repairing-shop may suffice for a considerable length 
of railway, ''running-sheds *' are required wherever engines have to 
be sheltered ; and it is usual to provide in such sheds water under 
pressure and stand-pipes for washing out the boilers, a furnace for 
drying sand, stores for such articles as gauge-glasses, piston-rings, and 
small parts often required, as well as for coal, oil, tallow, and waste. 
How far other tools may be added, such as a small lathe or smithy fire, 
depends on the distance from the repairing-shops and the likelihood 
of sudden local repairs being required. It is of course convenient to 
have a coal-stage and water-tank near to the running-shed. It is 
often also necessary or expedient, if there are no suitable houses near 
at hand, to provide dwellings for the foremen, engine-drivers, and 
others, so that they may be quickly summoned, and saved a long 
walk before and after working hours. 

The following information is that which is necessary as a basis for 
planning railway workshops and for selecting the most suitable 
tools : — 

1. The length of the railway to be served by the workshops; 
whether a single or double line ; the gauge of the railway and the 
number of train-miles run. 

2. The number of locomotives on the railway, with a description of 
each type, including the weight and diameter of the largest wheel ; 
and the approximate number in detail of each different kind of carriage 
or wagon. 

3. A plan and section of the land available for the workshops,' 
showing the railway and the positions of the stations, buildings and 
sidings, and the road approaches. The likelihood of complaints of 
nuisance from the smoke caused by the engines. The nature of the 
soil and its suitability for foundations ; the direction and system of 
the drainage. 

4. The building materials available, the climate and other local 
information as already described. 

5. The nature and extent of the work to be done ; for instance, 
whether locomotives are to be made as well as repaired; whether 
carriages and trucks are to be made, and if so, whether everything 
will be done in the local workshops or the iron-work imported. 
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6. When a railway is thoroughly established, it may be advantage- 
ous to make wagons, so as to save the cost of carriage from a manu- 
factory, and to find employment for workmen whose primary duty 
may be in repairs. But it is seldom expedient to make other iron-work 
than the simplest forgings. Springs, buffers, and minor fittings are 
hardly ever made in railway workshops. 

7. The kind of timber used for the carriages and wagons, and the 
condition (logs, sawn-timber, or planks) in which it will arrive at 
the factory. 

8. Whether an iron or brass foundry is required, or whether the 
necessary castings can be purchased. Whether sand suitable for a 
foundry, or sand for the locomotive wheels, is obtainable. 

9. The kind of signals used on the railway should be described and 
anything special connected with the points or permanent-way which 
needs special repairs. 

10. The kind of fuel used on the locomotives and obtainable for 
the factory engine and smiths' fires. 

11. The source of the water supply, and the quality and pressure 
of the water ; the number of engines per day to be washed out or 
wanting water, and the capacity in gallons of the engine tanks. 

12. The system of lighting the workshops which is to be adopted 
and whether gas-works are required. 

13. Whether living accommodation is wanted for any of the work- 
men, foremen, or staff, and if so, for how many. 
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Plate-layer^ tools cost from £,<^ tO;^2o per set, and a proper selec- 
tion depends on the following information : — ^ 

The extent of railway for which the tools are required ; the amount 
of tndfic as indicated by the number of trains per day or the number 
of train-miles ; the gauge of the railway, and the width of the ** six- 
foot j " the system of permanent-way, describing the section and weight 
of the rails, and the mode of fastening and jointing them ; the weight 
of the engines ; the climate ; and the kind of workmen employed. 

Ramps by which engines and wagons may be replaced on the line 
after accidental derailment are now generally used on railways. 
They cost from £^2 to J^2i ^^ich and weigh from 80 to ,100 lbs., so 
that they may be carried on the engine or in the guard's carriage. 

\See also Locomotives and Rolling stock : Factories : and in 
Part /., Railways.] 
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CHAPTER XXIL 

RAILWAY EQUIPMENT (CONTINUED). LOCOMOTIVES AND 

ROLLING-STOCK. 

^t bif eai^ In the design and equipment of a new railway, the Locomotives should 
nSbvay 'project. ^^ considered at an early stage of the proceedings ; for if this be not 

done, and the railway be laid out, and the gradients, curves, and 
permanent-way settled, the locomotive engineer, when his time 
comes, will find that he has to carry the traffic under conditions 
which he might have improved if he had been consulted earlier. 
The gauge of the railway, the kind of rails, and the strength of the 
bridges, should in a large measure depend on the size and power 
necessary in the engines ; but these essential points are often irre- 

m^Si^ht^liSSL. vocably determined before the locomotives are thought of. It is 

evident that a powerful engine — if such be required — is crippled if a 
narrow gauge and light rail limit the size and accessibility of its work- 
ing parts ; while, on the other hand, a permanent-way may have been 
constructed unnecessarily wide or strong for the kind of locomotive 
which the gradients and traffic require. 

Choice of en^ne. On every railway, the use of the most appropriate kind of train is 

See ^ges rj9 ^ 3S4, ^^ important factor in the economical working of the line; and, in 

conjunction with the gradients, it determines the power and class of 
engine that is required. Generally, heavy trains at slow speeds are 

^*'of*tSSn«!'**** preferable for mineral and through traffic, or where the movement 

is from one great centre to another, or where — ^as, for instance, in 
India or South America — ^fuel and wages are dear, while time is 
cheap. On the other hand, where the traffic is chiefly local, or 
consists of passengers or perishable goods, lighter trains, running 
at more frequent intervals, are required by the community, and are 
essential to profitable management. 
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The tractive power of a locomotive depends, not only on the force 
exerted by the steam on the pistons, but on the adhesion of the 
engine upon the rails, and therefore on the condition of the rails. 
The greatest adhesion is obtained when the rails are quite dry 
or very wet ; the maximum under such circumstances being about 
one-fourth the insistant weight on the coupled wheels of the engine ; 
that is to say, if the driving-wheels of the engine press with a weight 
of 20 tons on the rails, a tractive force of 5 tons can be exerted ; 
but this maximum cannot be counted upon. One-seventh is a fair 
average; while one-tenth, or about 224 lbs. for each ton weight, may 
be considered the minimum. The last is an extreme case, which 
occurs only when the rails have become very slippery in damp, 
foggy, frosty, or snowy weather. In such cases, if the train-load 
exceeds what this reduced adhesion will draw, the driving-wheels, 
instead of advancing, will slip round, although the slipperiness may 
be to some extent counteracted by the sprinkling of dry sand on 
the rails. In hot, dry countries the wheels seldom slip ; in England 
the slipperiness varies with the weather, and is often very great; 
while in certain seasons or after dew-fall in moist countries, like 
the Mauritius and the west coast of South America, slipping can 
hardly be avoided by sprinkling sand in front of each coupled wheel. 

On a level well-laid road, engines can draw very heavy loads, as 
the only . resistance then to be overcome is the friction of the 
axles in their bearings, the wheels on the rails, and of the air or wind. 
On the best English lines, where the permanent-way and the rolling- 
stock are in good condition, the total from these causes is so slight 
that the resistance to haulage of a passenger train, when running 
on a level track at 15 miles an hour, is only from 3 to 6 lbs. per ton 
weight of train (though about treble this force is necessary to start a 
train) ; but the resistance, owing to oscillation and greater air pressure, 
increases with the speed, so that at 40 miles an hour the resistance 
would be from 14 to 18 lbs. per ton. The higher speed therefore 
involves a greater expenditure of steam, and consequent consumption 
of fuel The maximum speed which can be attained depends greatly 
on the condition of the road and rolling-stock, so that, while on the 
best English Imes, passenger trains sometimes run 70 miles an hour, 
a speed of 40 or 50 miles would be the maximum attainable with the 
same tractive force on less perfect lines. If the rails be badly laid 
or much worn, or the rolling-stock be in bad condition, the friction 
is increased, and instead of 3 or 6 lbs. per too, the resistance and 
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haulage even of a passenger-train would be lo lbs. or more ; and in 
countries where the railways have been too cheaply or hastily con- 
structed, or are badly maintained, the expenses of haulage are very 
high. The resistance to haulage of a goods train, when moving at a 
speed of from 15 to 20 miles an hour, ranges from 10 to 16 lbs. per 
ton weight of train. 

It is however the maximum or ruling gradient of a railway 
which mainly determines the power necessary in the engine, and 
if railways could only be made level, engines might be much 
smaller and lighter than they are, or the trains much heavier. In 
ascending an incline, the gravity of the train has to be overcome ; 
and in this respect, a train on a railway has no advantage over a 
vehicle on an ordinary road. As has already been described, the 
dead weight of the train has to be lifted, so that a gradient of even 
I in 100 adds one-hundredth part of a ton, or 22^ lbs. to the haulage 
force required for each ton weight of a train. Thus, if 10 lbs, be 
sufficient for the haulage of each ton on a level, the resistance is 
more than trebled. A gradient of i in 50 would add 45 lbs. to the 
10 lbs., and so on. As an example, a locomotive having an insistant 
weight on the coupled wheels of 20 tons will have (reckoning one- 
seventh of the weight) a tractive force of 6,400 lbs., and at the rate 
of 10 lbs. haulage resistance per ton of load, will draw a train of 640 
tons on a level track. But on an incline of i in 200 the resistance 
is 21^ lbs. instead of 10 lbs., and the engine will draw only 300 tons ; 
on a gradient of i in 100, ^00 tons ; on one i in 50, 116 tons ; and 
on I in 20 only 52 tons. It is for the above reasons that considerable 
expense in cuttings, tunnels, and embankments is incurred in order 
to make a railway as level as possible. The greater the traffic 
expected, the more justification is there for such expenditure, as 
the saving in haulage outweighs the interest on the extra capital 
expended. But the necessity or desire for cheap first cost, which 
often leads to the construction of railways with steep gradients, 
involves expense in other ways. The engines, in order to have 
adhesive force to overcome the greater resistance, must be made 
heavier than for level roads ; the rails must therefore be stronger and 
more expensive; and the expenses of fuel and maintenance are 
increased. These circumstances and the disadvantages above de- 
scribed are not always sufficiently appreciated when it is attempted 
to economise in construction. Gradients steeper than i in 100 
seldom occur on English main lines, but where the advantages of 
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railway communication are not otherwise attainable, much steeper 
gradients may be surmounted. An incline of i in 20 is seldom met 
with and is still more rarely exceeded by trains drawn or pushed by 
ordinary locomotives; but by special contrivances steeper inclines 
may be overcome. The objections to very steep gradients lie in the 
descent as well as in the ascent, and although locomotives have been 
made to haul (with no other grip on the rails than their adhesion- 
weight afifords) loads up gradients as steep as i in 15, no system of 
brake-power by which merely the gravity weight of the engine skid- 
ding on the rails is made effective, would render the descent of such 
a gradient safe with a load as great as the engine could haul up. 
And unless the road be in good condition, a gradient of i in 20 
would in the same way be dangerous. On the railway over Mont 
Cenis, in operation before the tunnel was completed, the **Fell" 
system of a centre rail was successful on gradients as steep as i in 
12. The centre rail, with wheels pressing sideways upon it, was as 
necessary for safety in descent as for power in ascent On the 
Rhigi mountain railway, toothed wheels upon the engine, gearing 
into a rack laid between the rails, enable the engine to climb a 
gradient of i in 3, and to descend in safety. A more simple plan, 
which involves no alteration of the rails, has been successfully tried on 
railways generally level but with occasional steep gradients. By this 
plan, the locomotive is detached from the train at the foot of the 
incline, so that thus unburdened, its adhesion-weight is sufficient for 
its own ascent ; and on arriving at the summit, it is anchored to the 
rails and, as a fixed engine with a revolving drum, winds up the 
carriages by a rope or chain. But much time is lost by such an 
operation, and a special locomotive for the steep gradient, or a fixed 
winding-engine, would generally be found more effective. 

Locomotives differ so variously that they can only be classified 
broadly according to some of their leading features. The position of 
the cylinders, inside or outside the framing, is one important point of 
difference, and engines may be divided into two classes accordingly. 
Inside cylinders are generally preferred in England, and outside 
cylinders almost universally on the Continent and in the United 
States. Inside cylinders require the use of cranked axles, and crowd 
the working parts of the engine so as to render them less accessible 
than when the cylinders are farther apart On the other hand, engines 
with inside cylinders are lighter and allow of certain economies in 
manufacture ; but the chief reason for their use in England has been 
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the supposed greater steadiness when the engine is running, than 
if the cylinders projected over the rails, and the less wear on the 
journals of the axles. In countries where slow speeds are usual, 
any unsteadiness which might be caused by outside cylinders is 
of less consequence. Besides this, the boiler, and therefore the 
centre of gravity, can be placed lower with outside than with in- 
side cylinders, and many English engineers who have had great 
experience with various kinds of engines and railways, do not 
agree in attributing disadvantages to outside cylinders; and the 
whole question is one on which there is much difference of opinion. 
Another classification of engines is that according to the mode 
of carrying fuel and water, the arrangements for this being deter- 
mined mainly by the distance to be run without stopping. The 
long tenders necessary for runs of from 70 to 100 miles are 
unnecessary in trains stopping more frequently, and tenders are 
made to suit the service required. A Tank-engine has no separate 
tender, but carries its water either in a tank on the boiler or on each 
side of it, and the fuel in bunkers behind or on each side of the foot- 
plate ; the position of the water and fuel being determined by what 
is necessary to a proper distribution of the load upon the different 
wheels. If carefully designed in these respects, and well made, a 
tank-engine will run steadily and, on a steep incline, will haul a 
greater paying load than a tender engine of similar power, but yrith 
less adhesion weight on the rails (all the wheels of the engine 
being in either case rendered effective by coupling), because in the 
latter case, as the tender has to be hauled, its weight is included 
in that of the train, while in a tank-engine the load of fuel and 
water is effective as adhesion-weight and the haulage force is all 
available for the train. On narrow-gauge railways with light rails 
these circumstances are in favour of a tank-engine for steep inclines. 
Tank-engines are preferable for short runs, branch lines, shunting 
at stations, and for contractors' purposes; but they cannot carry 
sufficient fuel for long runs, and the side tanks, unless carefully 
balanced, render them unsteady at quick speeds or on uneven roads. 
Moreover, there is for any but very strongly-made railways a limit of 
size to these engines, because if made with boilers and cylinders of 
large capacity, the additional weight of water-tanks and fuel on a short 
wheel-base imposes too great a load on the rails and bridges. But very 
powerful tank-engines are occasionally used, the heaviest having a 
load of 16 tons on each of three pairs of wheels, or a total of 48 



Part II.] Railway Equipment. Locomotives^ 273 



tons on a wheel-base of 16 ft Engines of this kind strain small 
bridges more than the heaviest tender-engines, and the strength of 
the permanent-way and bridges should be considered before such an 
engine is chosen. 

Another classification of engines may be made according to the 
coupling of the wheels. By coupling one or more pairs of wheels to 
the pair on the crank or driving axle, the adhesion-weight on all the 
wheels so connected is rendered effective. Thus, there are " single *' 
engines in which the driving-wheels are not coupled on to the 
other axles, and only the weight on the one pair of driving-wheels is 
effective for adhesion ; " four-wheel-coupled ** engines, in which two 
axles or pairs of wheels are connected together ; " six-coupled *' 
engines with three pairs of wheels coupled \ and finally, " eight- 
coupled *' engines with four pairs of wheels coupled For passenger 
trains on easy gradients, where a high speed is required, an engine 
with one pair of driving-wheels is sometimes used, because, while 
the weight on one pair of wheels affords sufficient adhesion for a 
light load, the arrangement is favourable to quick running. Single 
engines will draw considerable Toads on well-laid lines, and even 
gradients as steep as i in 100 do not hinder their use. When once 
a speed of 30 miles an hour is attained, these engines compare 
favourably with coupled engines ; but while they may be thus suf- 
ficient for long runs without stopping, it is difficult with them to start 
any but a light train, especially if on an incline or on slippery rails \ 
and they are therefore unsuitable where such circumstances are likely 
to occur. Moreover, with increasing traffic and heavier rolling-stock, 
the weight of trains has tended to increase, and the concentra- 
tion on one pair of wheels of the load necessary for adhesion is 
trying to the permanent-way and bridges on any but strongly-made 
lines. Their use, which was confined to Great Britain and France, 
has been to a large extent abandoned in these countries also ; but 
though it is found that four-coupled engines are sufficient for speeds 
up to 50 miles an hour, and, under favourable conditions, even 
for 60 miles an hour, single engines are undoubtedly best for light 
trains running at high speed on a level railway, and continue (1880) 
to be used on some of the best English lines. The risk of coupling- 
rods breaking, which is oflen a cause of accident, is of course avoided 
by the use of single engines which have no coupling-rods. Four- 
wheel-coupled engines are usual for passenger trains, and light quickly- 
running goods trains on easy gradients, but for general goods traffic 
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three pairs of wheels are coupled. It is not that engines with two 
pairs coupled are insufficient when once in motion, but they are often 
unequal to the starting of heavy trains, and therefore are not suitable 
where much shunting is required. They find their best use in drawing 
high-speed light goods trains. The coupling of more than three pairs 
of wheels is seldom exceeded in England, but on the Continent and 
in the United States, where heavy goods trains are taken over per- 
manent-ways not strong enough for great adhesion-weights concen- 
trated on a few wheels, four, and even in some cases more, pairs of 
wheels are coupled together. In the distribution of weight on the 
wheels, and in arranging the total weight of engine and tender on 
a wheel-base of certain length, the sufficiency of the permanent-way 
and bridges to sustain such loads without injury is an important 
point to be considered. 

On most railways, fuel, tubes, and tires form the three main items on 
which the expenses of wear and tear in running are incurred. Various 
points in the design of a locomotive depend on the kind of fuel 
to be used. Almost every kind of coal can be burnt, but the fire- 
box, grate, tubes, blast-pipe, and other parts have to be specially 
arranged to suit the kind of fuel to be used The generation of 
steam, and the maintenance of sufficient pressure, depend on the 
skill of the driver and firemen, who should attain these objects with 
the least possible expenditure of fuel, an important item in the 
economy of railway working. On English railways, the consumption 
of coal ranges from 2i lbs. to 4 lbs. per indicated horse-power per 
hour. For passenger trains the consumption per mile ranges firom 
15 lbs. for light trains at moderate speeds to 30 lbs. for heavy 
trains, and even this is exceeded for trains which have to. stop very 
frequently. For goods trains the consumption varied from 35 lbs. 
for light express goods trains to 50 lbs. for heavy minecal trains. It 
is generally attempted by supervision and a system of rewards to give 
to the men engaged a share in the saving below a fixed standard of 
consumption. Wood fuel requires a sharp blast to promote con- 
sumption, and produces abundant sparks, which, to prevent the 
ignition of herbage or trees, or even the train itself, must be consumed 
or stopped in the chimney by a suitable contrivance. In Europe, 
railways are almost always fenced in fi'om the surrounding land; 
but in countries where this expense is avoided, cattle-guards of a 
peculiar kind must be provided for clearing the track of straying 
cattle or wild animals. 
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Most of the improvements which have been made in locomotives 
since i860 are applicable to all the types just described. Greater 
power than formerly is obtained ; and, by a compact arrangement of 
parts, cylinders of 17^ in. and even 18 in. diameter are placed with- 
out inconvenience within the framing of standard-gauge (4 ft 8} in.) 
engines, the increased piston-area so obtained being very consider- 
able. Improved boilers and fire-boxes facilitate rapid combustion 
and the generation of sufficient steam for such large cylinders. As 
boiler space is limited on a locomotive, it has been sought to increase 
the power by higher pressures of steam, but there are certain dif- ^ 
ficulties which limit any great alteration in this respect* From 
130 lbs. to 140 lbs. per square inch are usual working pressures in 
England, and on a few railways 160 lbs. is customary; and on some 
foreign lines 180 lbs. prevails, while the pressure customary in other 
kinds of steam-engines seldom attains 100 lbs. The maximum 
average pressure on the piston for a sustained effort, such as in 
surmounting a long incline, is from three-fifths to three-fourths of the 
boiler pressure; for a short distance, or at starting, this may be 
exceeded ; while, at full speed, only about one- third of the boiler 
pressure can be reckoned on. The highest piston-speed ranges from 
about 500 ft. per minute for a goods-train engine at 20 miles an 
hour, to about 1,000 ft. per minute for an express passenger-engine 
running at 60 miles an hour. 

Some of the most important improvements have been directed 
towards the giving of more lateral play to the wheels. By what may 
be termed the ordinary mode of construction, the various axles of 
the engine are so placed in one rigid frame as to be always parallel to 
each other, while for easy passage round sharp curves, radiating axles 
are desirable. On sharp curves the rigid wheel-base imposes severe 
strains both on the engine and on the permanent-way ; and when 
high speeds have been attempted, this has often been the cause of 
accident These evils were felt most on railways having sharp 
curves and imperfect permanent-way, but on wdl-laid lines the 
evil of sharp curves is largely counteracted by raising the outer 
rail, so that the force of gravity tends to draw the train into the 
curve, and thus to neutralize the straightforward motion which its 
direct impetus causes. English engineers, having a high standard 
of excellence in these respects, were slow to recognise the neces- 
sity for alteration; and although bogie-engines were at an early 
date made in England, locomotives of the ordinary kind continued 
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to be exported for use even on railways where the road and 
curves were unsuited to their use. Bogie-engines for meeting 
the difficulty were first made on a considerable scale in the United 
States, and have since been widely adopted in Europe and else- 
where. There are several forms of bogies, but the general prin- 
ciple in all, is that of a detached truck or carriage on two or four 
wheels, carrying one of the ends of the engine, which is so pivoted 
or connected to the bogie-carriage that the latter has an independent 
lateral and radial^motion in passing round sharp curves; thus avoid- 
ing the sudden wrenching and side strains to which an engine on a 
rigid wheel-base is liable. The use of bogies also tends to greater 
steadiness in running on badly-laid roads. Although engines thus 
articulated run more freely and safely than with a rigid wheel-base, 
there is still room for improvement for railways having sharp curves. 
As, in passing round a curve, the distance to be travelled on the 
inner rail is less than that on the outer rail, and as, even with bogies, 
the wheels are firmly fixed to the axles, the inner wheel has to drag 
or skid. It has been attempted to remedy this by making one or 
both wheels revolve loosely on the axle, but this plan has for various 
reasons proved impracticable. There is the disadvantage in the use 
of the bogie that the weight carried on it cannot be rendered effective 
fot adhesion, and in cases where the maximum haulage power is 
wanted and where the curves are of moderate radius, bogies should 
be avoided. Steam brakes have been extensively adopted for goods 
engines, and are found of great use in giving to a driver more control 
over his train ; they also allow considerable saving in time in shunt- 
ing. Continuous brakes, most of which are worked from the engine 
by the driver, will no doubt be ultimately used on all important 
passenger trains. 

While, as just described, the most conspicuous alterations have 
been in the direction of greater power and flexibility, various im- 
provements in detail have at the same time taken place. Steel is 
used for boilers, tires, axles, slide-bars, piston-rods, coupling-rods, and 
other important parts, but it has not as yet (1880) been found so 
eifective as brass for tubes or so trustworthy as copper for fire-boxes ; 
increased area and improved lubrication have been given to bearing 
surfaces ; improvements in boilers, such as increased water-space, 
stronger seams and stays, steam or hydraulic riveting, have together 
tended to increased durability and to a lessened cost of repairs. 
A more systematic method of manufacture, subdivision of labour, 
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and the use of special machine-tools have together reduced cost, and 
at the same time improved the quality of the workmanship. In 
English-made locomotives a handsome appearance is sought rather 
by the just proportioning of parts, symmetrical outlines, and graceful 
curves, none of which involve extra cost, than by unnecessary paint 
and ornamental brass-work, which are frequently a cover for bad 
design, workmanship, or material The simpler designs are com- 
patible with that good appearance of the engine, which induces pride 
and care in the engine-driver. 

Locomotives are complex and hard-worked machines, and defects, 
whether in materials or workmanship, soon betray themselves in some 
slight or serious accident, causing delays on the road or general in- 
efficiency. The time and money expended in repairs and renewals 
from these defects are, especially in countries distant from the place 
of manufacture, very great, and it is obviously important to ensure, 
by correct and simple design, by the employment of capable manu- 
facturers, and by proper supervision, that the most suitable engines 
shall be obtained. If these precautions are neglected, or a supposed 
cheapness allowed to prevail, cause and effect will probably be ex- 
hibited in some of the following ways : — If brass of inferior quality 
has been used, the bearings become heated and the valves wear out : 
tires too soil become loose, wear hollow, cut their flanges, and 
require re-tuming; tires too hard are liable to fracture at high speeds: 
the link-motion, if not well hardened and properly hung, soon wears 
loose, rattles, and gives an extravagant and unequal distribution of 
steam to the cylinders ; while the cylinders, if of soft or inferior 
metal, will soon become so worn as to require re-boring and re-facing. 
Such are a few examples of defects in the wearing parts, and results 
even more serious occur if the boiler be badly made. Bad caulking, 
or rivet-holes which are not properly filled by the rivets, soon reveal 
themselves ; imperfect tubes become leaky and furrowed ; a burnt 
fire-box, or a tube bursting during work, causes an annoying stoppage. 

In England, the quicker speeds and the greater traffic than those 
of foreign railways have led to a high standard of excellence in 
these respects, which has been followed in the engines made in 
England for Indian, colonial, and foreign railways. In Europe, 
English-made engines stand pre-eminent, but in America, owing to 
many different circumstances, other types of engines and methods 
of construction have prevailed ; and engines made in the United 
States have been preferred on some railways formerly supplied from 
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England, partly because of their greater suitability to the roads and 
partly from supposed cheapness. 

A less cost is allowed by the use of thinner boilers (which restricts 
the pressure of steam), thinner wheel-tires, steel fire-boxes instead of 
copper, iron tubes instead of brass, lighter framing, cast-iron wheels, 
and the cheapening of various minor details. Both in England and 
America the driving-wheels have steel tires \ but in England all the 
wheels of the engine have their centres or skeletons of forged iron, 
while in America cast-iron at one-fourth the cost is invariably used, 
and as there are about three tons of such wheels in one engine, 
the saving is very great The wheels of the engine other than the 
driving-wheels are, in America, made of solid chilled cast-iron, with- 
out separate tires ; and these wheels are harder than steel, but their 
life ends when the chilled part is worn away ; they are not so trust- 
worthy, and, not having been turned in a lathe, are not so truly 
formed. Unless the amount of fuel consumed and the cost and in- 
convenience of repairs and renewals over a long term of years be 
taken into account, a low first cost is no criterion of cheapness ; and 
although it is sometimes difiicult to separate expenses arising from an 
ill-kept road or peculiar methods of working from those caused by 
defects in the locomotive, it is necessary to analyse these circum- 
stances and allot them to their proper causes before a fair comparison 
can be made. 

Differences in the methods of manufacture in England and the 
United States are caused also by other circumstances besides those 
referred to above. In England, not only do the types of engines differ 
to an extent beyond that prevailing on most railways abroad, but each 
succeeding engineer gives play to new individual predilections, and the 
types of engines are again multiplied. This mode of proceeding has 
its advantages and drawbacks. Assuming capacity in the engineer, 
no one can better appreciate the exigencies of traffic or the pecu- 
liarities of the railway than he who has to meet them, and on whom 
fall all the trouble of repairs and the responsibility for accident; and 
as no two railways are exactly alike in all the conditions of permanent- 
way, curves, gradients, rolling-stock, and traffic, it is an advantage on 
each railway to have locomotives specially adapted to their purpose. 
But there is the disadvantage that no standard types of engine^ can 
be arrived at while different kinds are demanded for every separate 
railway, nor can the cheapness in manufacture which exact repetition 
allows be obtained. In the earlier days of railways, however, there 
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were few engineers who could design locomotives, and few manu- 
facturers with experience to make them ; and on the home and 
foreign railways supplied from England, the types of the leading 
makers were accepted without question. And while in Europe this 
system has been superseded by that described above of locomotive 
superintendents choosing or designing the exact kind they want, 
the necessaiy knowledge is not in the United States so widely 
spread, and the designing of the engines is generally left (as is 
the case also with bridges and other equipment) to the manu- 
facturers, though on a few of the leading railways the engineers are 
beginning to design their own locomotives. But the majority of the 
engines are of types established by manufacturers, who having thus a 
repetition assured to them, can make cheaply in the same way that 
portable engines are made in England. And in countries where 
money is scarce, or the rate of interest high, cheap construction and 
low-priced engines may be an essential condition of railway enter- 
prise ; and the fact that a well-made road and an English engine will 
by their greater durability eventually prove cheapest, may be no 
inducement to their adoption. Each system has its advantages, but 
there is no common basis on which to make a comparison in price 
between English and American engines, and in either country, if the 
design of the other be presented, the price would be necessarily 
dearer than for engines of an accustomed kind. 

A new design involves more expense than is generally known. A 
complete set of entirely new drawings for a locomotive will cost from 
^100 to ;£^2oo, while the patterns and templates will add from ;£'ioo 
tO;^i5o more, but existing drawings can generally be adapted for 
from ;^5o to ;£^ioo. Purchasers of locomotives sometimes stipulate 
that a set of drawings and templates be supplied to them, so that 
they are not afterwards bound to purchase new engines of the same 
design from the same maker. 
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The kind of engine best suited for any particular railway depends choice of engine, 
primarily on the road, the gradients, and the nature of the traffic; s** poge* a6s ^s^ 134- 
but these important considerations are mixed up with others which 
vary almost in every case. On a large or busy railway, where 
numerous locomotives are required, different kinds may be selected 
for each branch of service. Thus, there may be ** single " engines 
(one pair of driving-wheels) for light quickly-running passenger trains, 
four-wheeled- coupled engines for heavy passenger trains and fast 
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goods trains, six-wheel-coupled engines for heavy goods trains, and 
tank-engines for local traffic and station or shunting work ; while if 
on one section of the line there are steep gradients, specially-con- 
structed engines may be provided for this district alone. But, on 
small railways, where but few engines are required, it is advisable to 
have them of an uniform type, capable of taking any of the trains over 
every part of the line. If this principle be adopted, the most difficult 
service on the railway will have to determine what type of engine 
shall be selected. 

But even where various types of engines may be required on the 
same railway, it may still be possible and advantageous so to arrange 
the designs of the engines as to have their important parts alike and 
interchangeable. Thus, the boilers, cylinders, valve-motions, springs, 
and axle-boxes may be identical, and the differences in power which 
are required may be obtained by varying the diameter of the wheels 
and the method of coupling them, and by alterations in the framing 
thus rendered necessary. But it is very difficult to ensure such 
uniformity of parts if engines are bought from different manu- 
facturers. 

To secure a good engine at a reasonable price, the specification, 
while stringent on all essential points, should avoid arbitrary con- 
ditions on minor points, which cause extra trouble and expense 
to the manufacturer without any corresponding advantage to the pur- 
chaser. But whether furnished by the buyer or seller, the specifica- 
tion should describe the important parts of the engine, for without 
such a description it is impossible to measure or compare prices. 
The gauge, the type of engine, inside or outside cylinders, and 
the number of coupled wheels having been recited, the following 
points are usually enumerated : — The size of boiler, thickness and 
quality of plates, and mode of riveting ; the heating surface in the 
fire box, the material (copper, iron, or steel) of which it is made, 
and a description of the staying ; the number, size, and kind of 
tubes ; the diameter of the wheels and axles, and the fnaterial of 
which they and the wheel-tires are made ; the kind of axle-boxes 
and their fittings ; the size of the cylinders and the kind of pistons ; 
the capacity of the water-tank and fuel space ; the brake arrange- 
ments. It is customary to include in the price of the engine the 
various minor parts necessary to its working; but as different 
makers do not supply the same kind and number of accessories, 
they should be enumerated when the price is arranged. It is 
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also usual to specify the mode of testing, of painting and packing, 
and to state the weight 

When engines are bought for exportation to a country where skilled 
woikmen are rare, and repairs expensive, special precautions to 
render the engines durable and easy of repair can be taken, that 
would not be expedient or economical for a railway where repairs are 
easy, and where spare engines are always available to take the place 
of those temporarily withdrawn from service. Thus, the water-space 
of the boiler may be made larger ; and the bearing surfaces ample, 
with means of taking up the wear, even if these provisions entail the 
disadvantage of extra weight and increased first cost. The effective 
case-hardening of moving joints (a process often omitted or imper- 
fectly performed) should be ensured ; parts especially liable to wear 
and fracture should be provided in duplicate to an extent far beyond 
what would be proper in the country of manufacture ; and the extra 
outlay so incurred considered as a prudent security against greater 
expense afterwards. Fire-bars, tubes, gauge-glasses, piston-rings, 
brasses for the connecting-rods and coupling-rods and for the axle- 
boxes, are among the most important of the spare parts required. 
The list of such extra parts needs very careful consideration, and 
the value of the articles enumerated should be duly weighed in 
comparing the offers of different manufacturers. 

The current prices of locomotives fluctuate considerably, not only 
with the cost of labour and materials, but according to the demand. 
There are (1880) in Great Britain about a dozen manufacturers of 
locomotives who confine themselves almost entirely to this one 
branch of engineering, and in addition to these, the principal railway 
companies make new locomotives, although few make all that they 
require. Many of the railway workshops, established principally for 
repairs, have outgrown their purpose, and the gigantic factories which 
have been erected for making engines and rolling-stock are of doubtful 
profit to the shareholders who own them. Having, however, been 
established, they are employed, much to the disadvantage of the 
private manufacturers, who could, probably, if prices and costs were 
analysed, with profit to themselves, supply engines cheaper. But while 
it is seldom that engines are made so cheaply in railway workshops 
as in private factories, the great advantage may be more readily 
obtained of having exact similarity and interchangeability of parts. 
During the ten years ending 1880, if extreme high or low fluctuations 
be excepted, the following have been average prices : — A passenger 
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engine and tender of the best modern kind, with cylinders 17^ in. 
diameter, 34 in. stroke, equipped as usual on the principal English 
railways, has ranged in price from ;£'2,2oo to ;^2,5oo, and as the 
total weight of such an engine and tender (when empty) would be 
from 45 to 55 tons, it will be seen that the prices are equivalent to 
from ;^5o to ;£'6o per ton. But although it may be convenient 
sometimes to compare values in this way, any such estimate needs 
qualification, and can only be approximate, for the cost of a 
tender per ton is only about half that of an engine, and the pro- 
portion which the weight of the tender bears to that of the engine 
varies according to the kind of both. The above prices would 
embrace the average price of the best and most powerful kind made 
for European, Indian, and colonial railways. Powerful tank-engines, 
as used in England, sell for from ;£" 1,800 tO;£'2,2oo, or, at a weight 
of 35 tons, equivalent to £,^0 to ;^6o per ton. The extra cost of 
fitting a continuous brake to an engine ranges from ;^8o to ;^ 120 
for a tank-engine to from ;f 120 to ;£^i5o for an engine and tender. 
A steam-brake can be similarly applied for from ;;^5o to J^^o less 
than these prices. In either case, the ordinary hand-brake can be 
worked independently of the continuous brak^ 

The locomotives used by contractors in the construction of public 
works are almost invariably made as tank-engines, and as there are 
manufacturers who make a specialty of this class of engine, it is 
expedient to take advantage of the skill and experience by which the 
proportioning of the parts, the division of the weights on the wheels, 
and the balancing of the tank have been adapted to the purpose 
in view. A contractors' engine (for a 4 ft. 8^ in. -gauge railway) 
with outside cylinders 10 in. diameter and with 4 wheels coupled 
would cost about ;f 900, would weigh about 11 tons empty and 
about 14 tons when equipped with coal and water. All the weight 
is effective for adhesion, but as the temporary roads used by, con- 
tractors are uneven, and the wagons not usually in such good 
condition or so easy of haulage as ordinary rolling-stock, such 
engines when so employed cannot be safely reckoned on for -hauling 
more than 85 tons on a gradient of i in 100, or 45 on a gradient of 
I in 50. An engine with inside cylinders 12 in. diameter and with 
6 wheels coupled would cost about ;^ 1,200 and weigh about 14 tons 
when empty and about 17 tons when loaded. Such an engine would 
draw a load of about 140 tons of contractors' wagons on a gradient 
of I in 100 or 85 tons on a gradient of i in 50. But when used 



Part II.] Railway Equipment. Locomotives. 



283 



under better conditions these engines will haul heavier loads. The 
tender-engines made in England for narrow-gauge railways (mfetre, or 
3 ft 6 in. gauge) with cylinders of from 10 to 14 in. diameter, and 
weighing from 15 to 30 tons, have sold for ;^i,ioo to ;^i,6oo per 
engine and tender. Similar engines with side or saddle tanks, and 
weighing from 11 to 20 tons, cost from ;;^90o to ;^i,4oo. Small 
locomotives, for railways of less than a mfetre gauge, cost from ;;^4oo 
for the little 2 ft. gauge, 5-in.-cylinder engine weighing 2 J tons ; 
;^6oo for a 3 ft gauge, 7-in. cylinder engine weighing 7 tons, to 
;^ 1,300 for the 3 ft or m^tre gauge engine weighing 15 tons. All the 
foregoing prices are exclusive of packing for export and of the cost 
of duplicate parts. Packing adds about 2 per cent, to the price, and 
duplicate parts add from 5 to 15 per cent., according to the quantity 
supplied, which, as has been said, should be determined mainly by 
the remoteness of the country and the difficulty there of renewing 
worn parts. A manufacturer requires from live to six months to 
make a locomotive from a new design, but those made of an estab- 
lished type can be made in from two to four months, according to size. 
An engine, having been completed at the manufactory and made 
ready for the road, is tested under steam. The wheels having been 
raised from the ground, the engine is set to work, so that the tight- 
ness of the boiler, the efficient working of the injector and pipes, the 
smooth working of the motion, and the action of similar important 
parts can be tried and defects observed. After having been examined 
and approved, the engine, if for export, is taken to pieces and all 
the fittings removed. The smaller parts of the engine are packed 
in cases, of which from 10 to 20 are required, according to the size 
of the engine and the weight in each case. The cases weigh from 
10 to 20 cwt each, but it is generally considered inexpedient to have 
more than 10 cwt in any one case. Each axle with its pair of 
wheels upon it is shipped as one piece. The engine is thus stripped 
until nothing but boiler, cylinders, and frame remain together. This 
• one piece or " body " generally forms about half the total weight of the 
engine when empty. If, however, this weight is difficult to deal with, 
either in transport or at the place of arrival, it can be reduced by re- 
moving the boiler from the frame ; but this involves, of course, more 
labour in putting the engine together again than would otherwise 
be required. The finished surfaces, and other vulnerable parts are 
protected, and baulks of wood on which the weight can rest are 
attached to the frame, generally by fixing them in the places of the 
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axle-boxes. The " body" is lifted by chains passed under the boiler at 
the places (previously ascertained by experiment and marked) where 
the weight will be evenly suspended. The same careful adjustment 
of the lifting-chains is again necessary when the weight is lowered 
into the hold of a vessel and when landed at the port of arrival. 
Makers generally contract to deliver alongside the export vessel, and 
do not undertake the duty of placing on board. It is usual to paint 
the engine plainly, leaving decorative painting and varnishing to be 
done after the engine is re-erected. 

On large modern steamers, the hatchways are generally large 
enough to receive locomotives ; but in some cases very great trouble 
is caused, especially at the unloading from the vessel, as in many 
foreign ports there are not the facilities which the powerful cranes in 
English ports afford. The space around the engine is generally 
packed with other goods, sometimes even with coal, if the parts 
liable to damage are protected against surface damage. On short 
voyages, in favourable seasons, locomotives are sometimes carried on 
deck ; but in such cases a higher rate of insurance has to be paid. 
The cost of freight has always to be specially arranged, as the rates 
for ordinary machinery are never sufficient for the extra trouble and 
risk which are involved. 

To enable an engineer to design or select a locomotive suited to 
the purpose in view, he should be informed on the following points, 
^n acquaintance with all of which are necessary to a proper choice : — 

1. The gauge of the railway ; the section and weight of the rails ; 
the kind of permanent-way, the distance apart of the sleepers, and 
the condition, good or otherwise, in which it is kept. In addition to, 
or instead of, information concerning the condition of the permanent- 
way, a direction as to the maximum weight permitted on any one 
pair of wheels may be given. 

2. The strength of the under bridges, not only in regard to the 
total load they will sustain within proper limits of safety, but also 
the fitness of the cross girders or other rail supports for sustaining a « 
concentrated load on any point ; the height and width of over- 
bridges and tunnels so far as these dimensions affect the height and 
width or " loading-gauge " of the engines passing under ; the par- 
ticulars and the height of couplings from the rail level, and the height 
and width of buffers, in the existing engines and rolling-stock, to 
which conformity is necessary ; the length of the turn-tables on the 
railway, and the standing space available in the running-sheds. 
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3. The length of the railway, the radius of the sharpest curve, and 
the inclination, length, and position of the steepest gradients. The 
position of the gradients is important for various reasons. An ascent 
may be rendered less formidable by a descent immediately preceding 
it ; an ascent at or close to a station renders starting difficult. A 
complete section of the railway showing the stations best supplies 
this information. The altitude of the railway above the sea (if it is 
high) should also be stated. 

4. The nature of the traffic, and the maximum gross load exclusive 
of the engine, to be taken up the steepest incline. The average 
speed of the trains. 

5. If continuous brakes are in use or are required on the engine, 
their kind. If the engine is for hauling goods trains, whether a 
steam-brake is required. 

6. The kind of fuel and water available ; the distance apart of the 
stations at which supplies can be obtained ; and the distance which 
the engines will have to run without stopping. 

7. The nature of the climate, so far as it may cause rails to be 
slippery, or the occurrence of heavy snow-falls, or inclement weather 
rendering special protection for the driver necessary. Frost renders 
necessary special kinds of oil-cups or arrangements for oiling ; heavy 
snow-falls require snow-shields on the engine, and snow-ploughs; 
much dust renders necessary special coverings for bearings. 

8. The nature of the crops, herbage, or trees by the railway, and 
the condition of the fences, so far as these circumstances may 
determine the need for spark-arresters and cattle-guards. 

9. The facilities for repairs both in regard to workmen and work- 
shops. The kind of engines already in use, the name of the maker, 
and the reasons, if any, for or against imitating them all or in part. 
Special defects or contingencies arising from local circumstances 
should be noted. 

10. Such particulars as to destination and the means of transport 
as may determine the method of subdivision and packing. 
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The small engines for working tramcars, though of a peculiar kind, 
may be referred to as coming within a category of locomotives. Such 
engines have to be very small, with small wheels, and for use in 
towns must be free from noise and smoke. They are made with 
vertical boilers, and with cylinders either vertical or horizontal. Some 
of the engines are on separate carriages, and, like the locomotive, haul Locomotive cars. 
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the traracar and others form part of the tramcar itself. The latter 
plan has been (i879>8o) applied with success for the suburban lines 
of railways where most of the trains are hauled by ordinary locomo- 
tives. Very often in the vicinity of large towns there is a local 
omnibus traffic for which frequent trains are required, but too small 
to utilise profitably an ordinary locomotive and numerous carriages. 
To meet this kind of traffic, long cars holding about 40 people inside 
and 40 on the roof are used, the carriage being carried at each end on 
a 4-wheel truck, one of them by the locomotive. The truck with the 
engine can be immediately separated from the car when repairs are 
needed to it, and a fresh engine attached, so that the car is not ren- 
dered idle. A steam car employed in this way has the great advantage 
over one on a town tramway, that it nms upon the ordinary raised 
rails of a railway which are cleaner and in better order, and having no 
obstruction, as in streets, a considerable speed is attainable. The 
steam cars cost about ;;^ 1,400. 

Besides the locomotives described in the preceding pages, there are 
special kinds which do not come within the class of railway engines. 
Thus there are locomotives propelled by compressed air instead of 
by steam. These engines have been generally confined to mines, 
but in an improved form they are likely to be adopted for long 
tunnels, street railways in towns, and wherever the use of steam is 
undesirable. It is usual to compress the air by a stationary engine 
to a density of from 70 to 100 atmospheres, to store the air, which has 
thus a pressure of 1,000 to 1,500 lbs. per sq. inch, in a container on 
the locomotive made strong enough for the purpose. The compound 
system of cylinders is found best to utilise the air pressure ; two or 
more air cylinders of different diameters are employed, the high- 
pressure air being admitted first to the smallest cylinder, the exhaust 
entering a second cylinder, and so on to a larger piston as the air 
becomes more diluted. The experience in rock-boring machines, 
which has led to improvements in the apparatus for compressing, 
storing, and applying air, will be available for locomotives alsa 
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Rolling-stock is the general term by which locomotives, carriages, 
and wagons of whatever kind are classed in distinction to the fixed 
equipment of the line ; and locomotives have been described in the 
preceding pages. But just as the strength and dimensions of the 
permanent-way are to a large extent determined by the kind of 
locomotive which is to run upon it, so has the locomotive to be made 
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suitable for the haulage of the trains, and therefore the kind of 
carriages which the traffic is likely to demand is a point to be con- 
sidered at an early stage in the inception of a railway project. Of 
course, if the railway has already been made, or if there be not free 
scope for choice because of the difficulties in the construction of the 
road, or for other reasons, the process must to some extent be reversed, 
and these exigencies be held in view in designing the rolling-stock. 

If a railway be projected merely as a branch or extension of an 
existing line, or even if an entirely new railway be constructed in a 
district so supplied with railways that the new line will contribute 
only a $mall proportion to the general interchange of traffic, then the 
preference should be given to carriages like those already in use, 
unless there be very important reasons for alteration. Every railway 
has its standard " loading-gauge," indicating the dimensions which 
will allow safe passage through existing bridges, or past station plat- 
forms and cranes. The diagram shows such a loading-gauge of a 
kind customary on English railways, to represent the outline of maxi- 
mum load and the outline of minimum structure for a single line, 
the dotted line a b showing the centre of the " six-foot," if there is 
a double line. It is obvious, therefore, that there are certain leading 
dimensions in rolling-stock which, when once established, become per- 
petuated, and can only be altered with great inconvenience. There 
must also be exact uniformity in the width between bufifers, and in 
the height of the buffers and draw-hooks from the rails. And while 
conformity in these respects is absolutely essential, there are other de- 
tails where uniformity is a great convenience ; so that if, for instance, 
a spring, draw-bar, buffer, axle-box, wheel, or axle be damaged when 
the vehicle is on a neighbouring line, or far from its proper repair- 
ing-shop, a new part can be readily supplied and adjusted on the 
spot without delay. Subject to these considerations, it will generally 
be found expedient, for the saving of trouble and expense, to utilise 
existing patterns of those parts or fittings which are staple articles of 
manufacture. It is only in the case of railways in a new district or 
country that new designs and standard patterns for all the fittings and 
equipment can be established with advantage. In such cases exist- 
ing designs should be adopted only when the circumstances are suffi- 
ciently similar and the results have been proved by experience to be 
satisfactory. 

In the designing of roUing-stQck, the principal points to be borne 
in mind are those which promote the safe and cheap working of the 
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traffic ; and cheapness in the purchase price should be sought only 
when these more important conditions are ensured. The expenditure 
which unsuitable or insufficient carriages cause in the working of 
a railway soon outweighs the apparent saving which may have been 
so obtained. The points of principal importance are as follows : — 

1. To design the vehicles of such form and dimensions as will be 
suitable for the passengers or merchandize to be carried, and as will 
require the minimum of labour in the marshalling, loading, and un- 
loading. 

2. Suitability of the rolling-stock to form part of a train and to 
endure the shocks and strains of running, with due regard to the 
expenses of maintaining and repairing the stock. 

3. The effect which the proposed rolling-stock will have upon the 
permanent-way and on the cost of its maintenance. 

4. The cost of haulage. 

The above conditions have to be considered together, but they are 
to some extent conflicting, and, according to the circumstances of 
each particular case, certain points must be subordinated to others of 
more importance. It is only, however, by giving full weight to the 
various exigencies of the case, and by full accord between the road 
engineer, locomotive engineer, and traffic manager that the most 
suitable designs can be arrived at. The foregoing remarks are ap- 
plicable to rolling-stock of all kinds, and are common alike to pas- 
senger carriages and goods wagons. But in regard to the purpose 
in view, and the manner of fulfilling it, the two kinds of vehicles need 
separate consideration. 

In the designing of carriages for the conveyance of passengers, 
before entering on such details as depend on climate, or the kind of 
permanent-way and similar engineering considerations, it is necessary 
to decide the earlier question as to what type of vehicle will best suit 
the habits of the people, and in regard to this, social and even 
political considerations will be found to have weight. On many of the 
Continental railways, military considerations are allowed to prevail, 
both in regard to the course of the railways and the dimensions of 
the rolling-stock, and the convenience of ordinary travellers is studied 
only after these conditions have been satisfied. In Switzerland and 
the United States, the democratic influence is seen in the designs 
of the carriages as well as in the general management of the railway, 
everything being arranged for the convenience of the majority who 
travel ; superior carriages and exceptional conveniences being added 
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only so far as they do not interfere with this primary purpose. In 
England, on the other hand, for a long time after railways were es- 
tablished, no attempt at comfort was made for any but first-class 
passengers, and both in regard to the times of departure and speed of 
trains, as well as to the construction of the carriages, actual discomfort 
and inconvenience were inflicted, on all who travelled in any other than 
first-class carriages. It is now (1880), however, seen that afler 
making a railway at vast cost, it is folly to so equip the carriages and 
arrange the service as to repel a large proportion of possible travellers, 
who not only afford the most remunerative traffic, but who, if a little 
expense and attention be paid for their convenience, may be greatly 
increased. 

It may be stated as an axiom that the fewer the kinds of carriages, 
the better for the cheap and profitable working of the railway ; and 
while some variety of kind or class of carriage is necessary to meet 
the reasonable demands of the public, the variety caused by individual 
predilections of railway managers, or to obey some exceptional de- 
mands, are expensive and unnecessary. In England there are three 
classes of carriages on almost all the railways, and in some European 
countries and in India, even four classes. Where there are different 
races of people — as colonists and natives, or, as in India, where the 
caste customs of the natives have also to be considered — such great 
variety in the classes of carriages is sometimes justified. 

Carriages giving a longitudinal passage throughout the train are 
usual in America, and have been adopted with more or less modifica- 
tions on numerous railways in Europe and elsewhere, but do not find 
favour generally in England, although they are followed in some of 
the British colonies. The freedom of movement for the passengers, 
the facility afforded for lavatories, stoves, refreshments, and other 
conveniences, and the passage from one carriage to another while 
travelling, alleviate the tedium of long journeys. Such carriages also 
allow the issue or collection of tickets during the journey, and in 
sparsely-peopled countries, or where it is desirable to save the cost of 
buildings, much of the work usually done at roadside stations may be 
performed by the conductor, who perambulates the carriages during 
the journey. On the other hand, the want of privacy — often of 
importance to ladies, children, and invalids — ^has retarded their popu- 
larity in Europe. There is the disadvantage also that the construc- 
tion of the carriages allows doorways only at the extreme ends, and 
if there be many passengers, or if there be frequent stoppages at 
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intermediate stations, the time occupied in the entrance and exit of 
passengers is inconveniently long. Moreover, in case of accident to 
the train, passengers have not the same opportunities for escape as in 
an English carriage. The American style of car is best suited for long- 
distance journeys occupying more than five hours, while the English 
fashion of separate compartments is, under most circumstances, 
English type best greatly Superior for short journeys or suburban traffic. In regard to the 
journeys. j,^j^j^jj^g ^^ j|^^ carriages on the road, the arrangement of the wheels 

which is usual with the American cars can be adopted with carriages 
divided into compartments in the European manner. 
Climate. fhe exigencies of climate have an important bearing on the designs 

of carriages. In England the extremes of heat and cold last but a 
short time, and are considered sufficiently met by the provisions for 
excluding the wind and rain. But this is not sufficient elsewhere, 
Extreme cold, and in Russia, Canada, and Scandinavia, extreme cold demands 

special kinds of doors and windows, stoves or more elaborate heating 

apparatus being essential in every class of carriage. In India and 

Extreme heat. Other tropical countries the extreme heat renders necessary sunshades, 

louvre blinds, and other means of ventilation ; and double roofs are 
provided not only for all classes of passenger carriages, but for horse- 

Special materials, boxes also. In such hot climates, special materials of construction 

have to be adopted ; certain kinds of wood are found unsuitable ; 
india-rubber, if used, has to be of special kinds ; and the seats and 
upholstery have also to be different to those in temperate or cold 
climates. Railways have been so widely extended in every part of 
the world that a varied experience has accumulated in all these 
matters which should be utilised in new cases as they arise. 

Gauge of railway. The gauge of the railway is the primary or ruling circumstance 

which has to be considered in the dimensions of rolling-stock. The 
narrower the gauge the lower must be the centre of gravity of the 
carriages, and this limits greatly the scope of the designer; and 

Determines many though by proper arrangement it is found possible to make passenger 

^**" ' carriages for the narrowest railways, yet the speed at which the 

carriages can run safely is less for narrow than for broad gauges ; but, 

on the other hand, there is the advantage that carriages running on 

a narrow gauge can pass round sharper curves. 

Carriages made The passenger Carriages made on the earlier railways were incon- 
^formeriy." venicntly low and narrow as compared with those made later, the 

dimensions of the old post-chaises having been apparently the 
standard first adopted. The experience gained in railway running 
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has shown that the longer, wider, and higher carriages, which are 
necessary to the comfort and convenience of passengers, can run 
safely without increasing the width of gauge. Thus, on the standard- 
gauge lines, carriages instead of being made as formerly 5 ft. 6 in. 
high from the floor to the centre of the roof, are now made of 
heights ranging from 6 ft. 8 in. to 8 ft 

Whatever be the exact arrangement of passenger carriages, they 
are usually made of considerable length ; and, if supported on a rigid 
wheel-base, as has been usual on European railways, they are jolted and 
strained while passing round curves ; the permanent-way also being 
wrenched and . loosened. The modem use of bogie-trucks greatly 
reduces these evils, and also facilitates the safe and smooth running 
of carriages over an ill-made or ill-kept road. In the application of 
bogie-trucks or other system of articulation to the under-frame or 
wheel-base of a passenger carriage, the designer is free from those 
limitations which, in the case of a locomotive, are caused by the 
connections of the working parts ; and this greater scope has led to 
various modifications of the ordinary bogie-truck which are likely to 
prove useful. 

Both in Great Britain and America, carriages of all kinds are almost 
invariably built of carefully-selected timber, iron being only used to 
bind the mass together and for purposes where its use is unavoid- 
able. If the strains to which the various parts are subjected could 
be exactly defined, iron or wood could be arranged suitably to meet 
them ; but the strains are too various. On European railways it has 
been found that the cost of maintenance for a term of years is greater 
for iron under-frames than for wooden ones ; but for carriages built 
in England for use in India and other tropical climates the carriages 
are made almost exclusively with iron under-frames. But unless it is 
very skilfully disposed, the use of iron entails greater weight than wood, 
and the carriages when running at high speed have proved very noisy ; 
but this is now to a large extent modified by the interposition of 
rubber cushion-springs between the iron under-frames and the wooden 
bodies. On the Continent, iron or steel is not only frequently used 
for the under-frames, but also for the panelling of the body, the 
framework of the latter being of wood. 

The wheels of railway carriages and wagons are made in various 
ways. On the earlier tram-roads and railways the wheels were of 
cast-iron, but these proved unsuitable and unsafe for quick running 
or heavy traffic, and have consequently in England been superseded 
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on all passenger lines by wheels made wholly or partly of wrought- 
iron or steel. In some, the centre or skeleton of the wheel is of 
wrought-iron, but in wagons the nave is of cast-iron, while the spokes 
and other parts of the centre are always of wrought-iron. But what- 
ever the arrangement of these compound wheels, the tires are always 
made in a separate piece, either of wrought-iron or (to a growing 
extent since 1870) of steel, the wheel being turned and the tire bored 
with extreme accuracy to ensure a tight fit. There are various ways 
of fastening the tires, but for safety in quick running it is sought to 
avoid weakening the tire by holes made in it for* bolts or rivets. As 
accidents have frequently been caused by tires breaking and leaving 
the wheel, it is endeavoured in the manufacture of wheels for pas- 
senger carriages so to attach the tire as to prevent it coming off 
even if broken into several pieces. This is ensured in the Mansell 
wheel, which, though more expensive than other kinds, is in the 
almost universal opinion of English engineers, the best for passenger 
carriages. In it the tire is ingeniously held by side plates or rings, 
which serve also to hold together the body of the wheel, which is 
composed of solid teak-wood segments tightly wedged together 
between the nave and the periphery, to the former of which they are 
bolted. Wheels of this sort run more freely than those in which the 
spokes are open to the wind ; they are also less noisy and stir up less 
dust. But the Mansell and other similar modes of fastening can be 
applied also to spoke wheels as well as to those with wooden centres, 
some engineers considering the latter unsuitable for brake carriages, 
as the centre has a tendency to turn when the brake is applied to the 
tire. But while, in England, railway wheels are made in the various 
ways described above, in the United States solid cast-iron wheels are 
used almost universally. Made of high-quality cast-iron, the risk of 
brittleness is reduced by a softening or partial annealing, and the 
tread is rendered harder than steel by being cast in an iron mould or 
chill These wheels are used, not only for wagons and carriages, but 
also for locomotives, though they are becoming discarded for driving 
wheels. But, wherever used, they are much cheaper than English- 
made wheels, and form one of the numerous points of difference 
which have to be considered in comparing the prices and quality of 
English and American rolling-stock. The preference of English* 
engineers for wrought-iron or steel is partly owing to the fact that 
chilled cast-iron wheels have never become a staple article of manu- 
facture and are not readily obtainable, but more particularly because 
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such wheels (the chilled surface not being turned) are not abso- 
lutely round, and this defect, though of slight importance with the 
bogie- truck arrangement of wheels and moderate speeds usual in 
America, would be inadmissible on a rigid wheel-base or for high 
speeds. Moreover, the hardened part, which is not of great thickness, 
cannot be renewed by a new tire when worn out. 

Wheels and axles are generally sold to carriage builders and others wheels and axles 
by the set of two pairs. The price ranges for spoke wheels with iron 
tires for wagons from ;£^i5 to ;;^2o per set, and for passenger carriages 
from ;;^2o to £2P V^^ set, or with Bessemer-steel tires from ;;^22 to 
;;^32 ; while Mansell wheels with wooden centres and complete with 
Bessemer-steel tires and axles, cost from ;£'3o to £^^^ per set. 

Axle-boxes are always fitted with brass bearings and are also 
usually sold per set of four. They range in price from ^^3 per set 
for those suitable for wagons, up to ;^6 per set for the more 
elaborate oil-boxes for passenger carriages. Lubrication by oil is 
superseding that by grease, the axle-box being provided with a well- 
fitting dust-shield of leather or vulcanite and with suitable spring 
lubricating pads. If the axle-boxes are properly made and if good 
oil be used, the friction during running is much less than is the case 
with grease. All the above prices are for standard (4 ft. 8^ in.) 
gauge vehicles. 

Other modem improvements in carnages have been in the direction 
of better light and ventilation. High omnibus roofs have been intro- 
duced on several English lines, and more window area provided. 
Different systems of using illuminating gas in a portable form have 
been tried, and seem likely to supersede the simple but inefficient oil 
lamps, which are dirty and costly. 

The enlargement of the carriages and the various other alterations 
above referred to, have considerably increased the weight, so that 
even allowing for the greater number of passengers which large 
modem carriages can convey, the weight of the carriage bears a larger 
proportion to that of the passengers carried than formerly. Against 
the conveniences obtained have therefore to be set the enhanced cost 
of the carriages, the greater expense of haulage, and the wear and tear 
upon the road ; the latter being to some extent counterbalanced by 
the improved elasticity of the springs. The resistance at a high speed 
is augmented more by the greater size and wind surface than by the 
increased weight. On inclines, the weight is the important factor. 

Carriages for use in the country of manufacture are almost invari- 
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ably purchased complete, that is to say, although various trades are 
concerned and no carriage-builder makes all the parts, it is considered 
inexpedient to divide the purchase ; and the responsibility for the 
whole is put upon the builder. For exportation also, complete 
carriages are generally purchased, for now that the principal carriage- 
builders make wheels and axles, the custom of making separate 
contracts for these parts is less frequent than formerly. But for the 
maintenance of rolling-stock it is often found advantageous to make 
separate contracts for the various parts, a usual division being: (i) 
wheels and axles; (2) axle-boxes fitted complete; (3) buffer-guides, 
and other castings; (4) bearing and other steel springs; (5) wrought- 
iron forgings, such as buffers, draw-hooks, knees, bolts, straps, and 
brake-work; (6) india-rubber springs; (7) upholstery trimmings; (8) 
lamps ; (9) door-handles, and other mountings or fittings. In cases 
such as these, the body of the carriage may be either made in the 
importing country from indigenous timber or the wood-work may 
be also sent out in pieces. If all the wood-work is imported, the 
whole carriage should be fitted up complete in the country of 
manufacture, and then taken to pieces and packed. Carriages 
can be specially designed for this, the floor, roof, and sides all 
forming flat pieces of nearly similar size, fitting into one packing case ; 
the ends and partitions going into another. While a systematic plan 
of this sort is necessary to ensure accuracy and completeness, the 
wood-work can, if necessary, be made in the importing country, and 
the little deficiencies and unavoidable inexactitude of a mixed'structure 
be made good there. The smith's work is also sometimes made in 
countries which have to import most of their equipment, one complete 
set of forgings being sent out as a pattern. Special precautions are of 
course necessary to ensure the proper fitting together of parts bought 
from so many different makers, and it is usual to supply to all con- 
cerned those sample parts to which connection will eventually have 
to be made. On most railways, standard p>attems are kept of all the 
essential parts, and certain main dimensions are prescribed to which 
absolute uniformity is demanded. 

Excluding exceptionally high or low prices which have occasionally 
prevailed, the following are approximately the prices of some leading 
types of carriages for standard-gauge railways during the ten years 
ending 1880. 

Third-class carriages about 27 ft. long in five compartments, with 
seats for 50 passengers, mounted on four Mansell wheels with steel 
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tires, cost from ^^320 to ;;^38o and weigh about 7i tons. First-class 
carriages of the same total length, with similar wheels and under- 
frames, and differing only in having fewer compartments and more 
elaborate fittings, cost from ;;^45o to ;^55o. Composite carriages, 
about 30 ft. long on three pairs of wheels, and divided into different 
classes and a luggage compartment, cost from ;;^45o to ^£^550. The 
more modem carriages, 45 ft to 55 ft. long, on two six-wheel bogie- 
trucks, cost from ;j^7oo to ;^9oo for third-class, and ;£'i,ooo to 
;;^i,2oo, and even up to ;^ 1,400, for those composed of first and 
second class. The above prices are exclusive of the cost of packing 
for shipment, which, including the labour of subdivision, ranges from 
4 to 6 per cent. 

Narrow-gauge carriages cost less than those for standard-gauge 
railways, but rather more if estimated in proportion to their weight 
and the number of passengers carried. Thus, to take a few types 
of carriages for mfetre gauge (which would apply generally to 3 ft. 
and 3 ft. 6 in. gauges also), a third-class carriage, 20 ft. long and 7 ft. 
wide, with 4 compartments, each carrying 8 passengers, and fitted 
with brakes, would cost from ^^175 to ;£'23o, and weigh about 5 
tons ; a second-class carriage of similar dimensions ;^2oo to £,^^^0 \ 
a first-class carriage about 20 ft. long in 3 compartments;^ 250 to 
;^3oo. Smaller carriages for carrying 12 first-dass or 18 third-class 
passengers would cost about one-fourth less than the above prices. 

A proper choice or design of a railway carriage can only be made 
on the basis' of full information — in the first place concerning the 
number and class of persons to be carried, and secondly in regard 
to the circumstances of the railway, to which all the rolling-stock 
must conform. 

The weight and cost of railway carriages have been increased by the 
introduction of continuous brakes, and though these brakes have been 
at first confined to railways having busy traffic, their usefiilness will 
probably lead to their adoption on lines not so circumstanced, 
especially on those having numerous or severe inclines. The various 
kinds of fluid or pressure brakes do not (1880) differ much in regard 
to weight or cost. With actuating apparatus on each carriage, and 
with brake blocks on each side of four wheels, the extra weight on a 
carriage ranges from 10 to 13 cwt., and the cost from;£3o to ;£35 
per carriage. The various systems of chain and other mechanical 
continuous brakes are less costly and slightly less weighty, but seldom 
so efficient. 
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In the selection or design of Railway Wagons for the conveyance of 
Merchandise^ it is even more important than in the case of passenger 
carriages that the existing rolling-stock on the same or on contiguous 
railways, or on those with which future connection is likely, should 
be considered, and uniformity on essential points be observed. But 
independently of this uniformity, which is necessary to through 
transit, different railway companies have their own rules in regard to 
strength and fitness, and will not allow wagons which do not reach 
their standard to run upon their lines. Such uniformity and con- 
formity to rules allow of through transit of goods over several rail- 
wa3rs without change of vehicle, greatly promote traffic, and save time 
and expense. In the transport of merchandise, the circumstances to 
be considered are those already enumerated as common to all rolling- 
stock, but the proportions and the general conditions are very different 
to those of passenger carriages. 

One of the first points to be considered in the designing of goods 
wagons is their shape and size for the goods to be carried, and how 
best to carry the maximum quantity of what may be called paying 
load, with the minimum of non-paying load or tare of the truck 
itself. As the usual rates of carriage for minerals and merchandise 
range from id. to 2d. per ton per mile as compared with rates for 
passengers and their luggage, equivalent to from 66. to 3od. per ton, 
it is evident that the proportion which the non-paying load bears to 
the paying load is of immensely greater importance for goods than 
passenger traffic, even taking into account the greater speed and 
therefore greater haulage cost of the latter. In countries where there 
is competition, or where low tariffs are prescribed by law, so closely 
does the cost touch upon the sums earned, that it is probable that 
much of the cheapest traffic- — generally that of minerals — involves 
actual loss if the hauling and returning of empties or partially filled 
wagons be taken into account ; and on all railways, and even where 
carriage rates are not cheapened by competition, very careful analysis 
of the varied expenses of a railway is necessary to ascertain the 
actual facts and to apportion to each kind of traffic the profit or loss 
accruing from it 

The width of wagon is of course limited by the gauge of the railway 
and by the loading-gauge which bridges, tunnels, and other existing 
structures render necessary ; and on standard-gauge railways it ranges 
from 7 ft. 6 in. (seldom exceeded) to 8 fl. 6 in. Wagons have to be 
narrower than passenger carriages, to allow for doors left open, loose 
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tarpaulins, and other possible projections. In regard to length, while Umitt of length, 
there is more room for variance in the design, turn-tables, weigh- 
bridges, and hydraulic lifts, when once established, limit the dimen- 
sions, while safety in running limits the length of wheel-base, and, 
with certain qualifications, the length of carriage also. 

On English railways 8 ft 6 in. is a usual length for the wheel-base, j*-—*— -J 

A, and it seldom exceeds 9 fl. The body of the wagon is seldom Cjj)^ (jj) 
allowed to overhang more than 3 ft. at each end, and the total length, '49 

B, ranges from 14 ft. to 16 ft., though wagons for special purposes are i^n-^j, ^i wheel- 
occasionally made longer. Wagons of these moderate dimensions are **^^* 
convenient for marshalling and shunting, require turn-tables of small 

diameter, and can be made strongly with moderate weight In the 
United States, while the advantages of a short wheel-base are, be- 
cause of the less perfect roads, even more necessary than in England, 
it is allied with much longer wagons, for by the use of bogie-trucks ^7^ ' ]ir^ 
the rigid wheel-base. A, is only about 5 ft., while a total length, B, of VAir ^ ^ 
from 28 ft. to 33 ft. is obtained. '** 

In the choice between these long wagons and those of English choice, how 
pattern, somewhat the same considerations prevail as determine the 
choice in passenger carriages, />., the larger vehicles are generally 
preferable for long journeys. For instance, if large quantities of 
produce or merchandise have to be sent several hundreds of miles 
from or to a port, large wagons can be filled, involving less dead 
weight, fewer couplings, and making shorter trains than would smaller ^"**'*""i JJ!^" 
wagons of the same total carrying capacity. The longer the average 
journey, the less is the proportion of shunting and marshalling opera- 
tions, and the saving in haulage cost which the long truck allows is 
less neutralized. Thus, while in America a wagon may run 1,000 miles 
and remain undisturbed in its place in the train, an English wagon short wagone best 

1 t^.-ii • «•« ^^^ short runs. 

may m the same number of miles make twenty tnps, and require to be 
moved by a horse or by a hydraulic capstan, to descend and ascend a 
lift, and to be put on a turn-table once or twice on every trip. It will 
be seen, therefore, that large and small wagons have each their appro- 
priate duty, and that neither type has an absolute superiority. Even 
in America, where long wagons are the rule, coal (which is there Coai wagons, 
hauled a less average distance than is usual with produce) is gene- 
rally carried in four-wheel wagons smaller than those in England for 
the same purpose. Not only the length of the journey, but speed and 
other circumstances have to be considered. Where there is a busy 
traffic, as on English trunk lines, the goods trains have to be con- 
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tiniially shunted to allow quick trains to pass, and even with this 
relief have to be run at a speed which is expensive, and only neces- 
sary to keep the line clear for passenger trains. Long or heavy 
wagons are not suitable for such treatment, and the construction of 
separate railways or duplicate lines for mineral and merchandise 
trains separate from those for passenger trains will, by allowing 
slower and less costly working of goods traffic, reduce the objections 
to large wagons. 

In England, it is very usual to protect goods conveyed in open 
wagons by large tarpaulins thrown over the goods and firmly laced 
down to the sides and ends of the wagons. This method saves vol 
weight, but the tarpaulins are apt to get lost, torn, and worn ; and 
unless carefully tied, become loose and allow the wet to enter. If 
the first cost of the tarpaulins and their rapid wear and decay be 
taken into account, as well as the damage sustained by goods ^om 
the insufficient fastening of the tarpaulins, the alternative of closed 
wagons will generally prove the most economical. On American 
railways, where cheapness is much considered, covered wagons are 
preferred to tarpaulins. 

Within the limits prescribed by. the foregoing considerations, there 
is still room for much diversity of design. If the goods to be carried 
were uniform in kind, and sufficient to fill the trucks, there would 
be little difficulty in arriving at a decision as to the best size. 
On a permanent-way strong enough for the passage of locomotives^ 
there is such ample margin for the weight of trucks that, so far 
as the road is concerned, this circumstance seldom has to be con^ 
sidered, and the maximum is, as has been seen, rather determined 
by such secondary considerations as the weight which a horse can, 
in the operations of marshalling and shunting, not only draw, but 
start. 

In the case of mineral traffic, the haulage of the empty return wagons 
has also to be considered, and the comparison between paying and 
non-paying load has to be calculated on the basis of one journey of 
the former to two of the latter. It is of course the aim of railway 
managers to avoid such unremunerative hauling ; but, though it can 
sometimes be reduced, it can seldom be avoided altogether. A 
favourable opportunity is found where there is an exchange of 
minerals.. Thus, in an iron-making country, where the^coal and iron 
mines are not contiguous, coal may be taken to the ore and ore 
brought to the coal, the wagons being thus employed in both direc- 
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tioDs. In the iron districts of Northamptonshire blast furnaces have 
been established and are supplied with coal from more northern 
counties, the coal wagons taking back ore to the blast furnaces in 
the coal districts. This is a rare case, and in England generally, the 
coal traffic is too great to allow of return cargo for the wagons. And 
in most countries^ even where there is a great interchange of traffic, 
the goods in the two are of a very different character, and the pro- 
portion of tare weight to be hauled different accordingly. Sometimes 
the difficulty is minimised by the direction of the gradients. Thus 
a railway for conveying minerals or metals from the interior of a 
country to the coast for shipment may be mostly downhill, and the 
lighter return loads may be appropriate to the return journey. 

It is obviously impossible to lay down a rule for the proportion of 
tare weight to paying load where the nature of the merchandise 
varies, and where, as in the stowage of a ship, bulk as well as weight 
limits the amount to be carried. And though, where there is a large 
staple trade of one particular kind, the wagons may be designed to 
suit it, they can seldom be the best for both journeys, and some 
compromise must be adopted. But with all these drawbacks, it is a 
reciprocal commerce which cheapens transport, and new trades, open- 
ing out new sources of revenue for railways, are generally developed 
where there is unrestricted interchange of commodities. Even where 
there is a laige or staple traffic in light goods it is dangerous to make 
wagons of strength and weight proportionate only to such load, for 
there is always a risk that goods of other and heavier kinds may 
occasionally be placed in them on a return journey. And, however 
light the merchandise, the wagons may have to form part of a mis- 
cellaneous train, and must be strong enough to transmit the haulage 
force and to bear the shocks of running and shunting. 

On all railways there must be various kinds of wagons for the 
different merchandise, but the fewer the types with which the traffic 
can be carried on, the more cheaply is the line worked ; the incon- 
veniences and expenses which great diversity causes being propor- 
tionately greater on a small railway than on a large one. The question 
is one for which no general rules can be established, but must be 
settled according to the circumstances of each case. On English 
railways the diversity of wagons is very great, but the evil is 
minimised where there is enough traffic for each kind of wagon. 
A less variety is necessary in Ireland, where the traffic is chiefly in 
manufactured goods, raw materials liable to damage by wet, and 
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cattle. One type of wagon can be used for various kinds of loads, 
because high cattle wagons can (after the compulsory cleaning they 
undergo) be utilised for bale or sack goods which can be effectually 
protected from damage or pilfering ; and as the goods are valuable 
enough to bear a higher rate of carriage than cheaper goods on 
other railways, the extra tare weight of the covered wagons still 
allows a remunerative return for the haulage. On the other hand, 
when stone, pig-iron, or slates have to be carried, for which low- 
sided wagons are sufficient, the tare weight should be brought down 
to the lowest point which the safe working of the railway will permit 
In short, while the size of wagons depends principally on the length 
of the journey, so does the form depend on the nature of the goods 
to be conveyed. 

In the earlier days of railways it was considered unnecessary to 
furnish wagons with springs, but the effect on the permanent-way of 
heavily-loaded wagons without such alleviation of the shocks— espe- 
cially during the quick running necessary to allow of numerous trains 
— soon rendered bearing-springs necessary. And on most railways 
spring buffers and spring draw-bars are also adopted. The improve- 
ments in goods wagons during the thirty years ending 1880, have 
however been slight compared with those in engines and carriages 
during the same period. Improvements have been mainly in the 
direction of greater strength and durability, especially in those parts 
which have proved liable to sudden breakdown ; while in the design- 
ing of details and in the material employed, facility for repairs is more 
considered than formerly. 

Railway wagons are subjected to such severe shocks that the 
best and strongest materials should alone be used in their construc- 
tion, the durability of the wagons and the cost of repairs depending 
also on the care with which the timber has been selected and 
seasoned. English oak. North American white oak, and pitch-pine 
are the woods most used in Great Britain for the framing of wagons, 
but the sheeting, flooring, and roofs are usually made of Baltic 
redwood or, in cheap wagons, of American spruce. For tropical 
countries, teak is often used. The substitution of iron for wood 
as a material for railway wagons has often been advocated, even 
when for passenger carriages it is considered inappropriate, and it 
has been tried in various ways. If the strains to which the various 
parts bf a wagon are subjected could be clearly defined, the selection 
of material suited to each might perhaps be made with advantage. 
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But the shocks and strains are so varied and peculiar that no such 
accurate apportionment can be arrived at ; and though iron or steel 
is for some of the parts and foundations of a wagon obviously the 
best, it cannot be generally applied with advantage, but iron and 
steel are gradually superseding timber for the under-frames, wood 
being still considered best for all above the floor-level. One principal 
objection to the use of iron or steel is in the difficulty of repairs, 
especially at places distant from the principal workshops, and it is 
found that accidents, which in the case of wooden wagons might be 
easily repaired, are difiicult or impossible where iron or steel has 
been bent or distorted. Iron wagons are, therefore, on English and 
American railways, seldom made except for peculiar purposes, such 
as the conveyance of hot refuse from blast furnaces, or other cases 
where the contact of the . materials carried is damaging to wood. 
The quality of the wheels and axles is of the greatest importance, for 
not only the term of endurance and cost of maintenance depend 
upon it, but the safety of an entire train is endangered if one de- 
fective wagon or wheel form part of it. On English railways, and on 
most of the colonial lines, the axles are generally made of steel, 
and are larger and better proportioned than formerly ; the tires also 
are of steel, and are held to the wheels by various forms of fastening 
which avoid objectionable rivets through the tread of the tire. So 
much depends on the couplings, draw-bars, and hooks that they are 
generally made of iron much superior to that used in other parts 
of the wagon, so that they may afford the necessary strength without 
inordinate weight. 

The principal railway companies generally present to the manufac- 
turers from whom prices are invited very elaborate specifications of 
what is required, and though standards of size, kind, and quality may 
have been established, improvements are from time to time introduced. 
But on many of the smaller railways, and especially those distant from 
the place of manufacture, the wagon-builders are often invited to offer 
their own designs. Rolling-stock can be suitably designed only on 
the basis of full information on the following points ; and it is of the 
greatest importance that the particulars furnished by the purchaser 
shall be full and explicit, as the vague and indefinite information 
often supplied, not only is interpreted differently by competing manu- 
facturers and a proper comparison of prices hindered, but the stock 
when built may be unsuitable for its purpose. But if the railway 
is an entirely new one, where interchange of traffic with existing 
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lines has not to be provided for, the points of uniformity need not 
be regarded. 

1. The gauge of the railway, the section of the rail, and a descrip- 
tion of the permanent-way. 

2. The kind of goods to be carried, with special regard to the fol- 
lowing circumstances : — 

(a) Whether the wagons are always to be used for the same class 

of goods, such as coal or iron. 
{b) If for miscellaneous traffic, a description of the different 

classes and some indication of the proportions of each. 
(<r) Whether the goods will be of a kind liable to damage by 

weather. 
{d) Whether the goods will be of a fragile nature refquiring 

special protection from damage in transit and during shunting. 
(/) Whether valuable goods liable to pilfering are to be carried, 

and if so, what system, if any, is adopted or proposed of bars, 

locks, or seals to prevent it 
(/) The maximum weight and bulk to be carried in each wagon. 

3. Points of uniformity with existing vehicles on the railway or on 
neighbouring lines which are necessary or expedient, such as : — 

{g) Whether one central or two side buffers are used, and if the 
latter, the width between the centres of buffers. 

{h) The height of the floor of the wagons from the rails. 

(/) The height of the buffers and draw-hooks from the rails, and 
a pattern or drawing of the hooL 

{k) A profile of the established loading-gauge. 

(/) The kind and dimensions of wheels, axles, and axle-boxes. 

{m) The length of wheel-base usual or intended, and, if locking 
bars are used at points, the length of the bar. 

4. The size and power of the heaviest engines likely to be used. 

5. The maximum weight of train of which the new rolling-stock is 
to form part, and the incline of the steepest or ruling gradient. 

6. Whether any sidings are situated on steep inclines, rendering 
brakes on every wagon necessary. 

7. The sharpness of the curves on the railway. 

8. Whether oil or grease is used for lubrication. 

9. The kind of oil used for lamps. 

10. The nature of the climate in regard to the following points : — 
{n) Extremes of heat which may render necessary special kinds 
of roofs or ventilation. 
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ip) Prevalent dust or dirt which may require special protection Du«t. 

for the axle-bearings. 
(p) Cold which may render necessary stoves in the brake vans coid. 

for use in frosty nights, or during the crossing of mountains. 
{^ Excessive rainfall. "^tSxi, 

if) Whether certain kinds of wood or other material have proved Materials, 
to be or are likely to be cheap, durable, or unsuitable. 
1 1. Whether the wagons are to be made complete or only in part \ wagons made 
if the latter, which parts, and the kind, shape, and material of the parts •'***'* *•' *" p**^* 
to be added afterwards. 
The various improvements previously alluded to have increased the wagons owned by 

railway. 

cost of rolling-stock, but the greater cost is justified by the easier 
running of the wagons, the less damage to the permanent-way, the . 
greater security to the^ods, and the less liability to failure, which is 
not only costly in itself but a cause of delay to other traffic. 

The most usual types of wagons on the railways of Great Britain Prices of English 
and their prices may be tabulated as under : — wagons. 

Avemge 
Approximate weight 
prices. in tons. 

Low-sided (sides 12 ia high) for ironwork ) ^ ^ 

or pig-iron ,•. J ^ ^ ^;67<> 4 o 4t ^ 1 i q|^ 

Medium (sides 36 in. high) the most \ r ^ w) jm 

usual m Great Britain (Fig. 151)... j ^^ » 75 4* » 5 15, 
High sided (sides. 48 in. high) for sack, ) 

bale, or bulky goods J '° " ^ 4^,, 5 

Covered for valuable goods (Fig. 15a) ... 90 „ 100 6 „ 6^ _ 

Cattle wagons 95 „ no 6^ „ 7 ^) U. 

Salt wagons ... ... ... ... ... 85 „ 95 5 » ^ '^ 

Timber trucks (Fig. 153) 70 „ 80 4^^ „ 6 # 

Special trucks for large boilers 200 „ 300 12 „ 20 wy , ■ ^ 

Goods brake-vans weighted with cast-iron ... 120 „ 200 io „ 12 — \^ — 

For narrow-gauge railways of which those of 3 ft., 3 ft. 3f in. (mbtre), Narrow-gauge 
and 3 ft. 6 in. may be included together, goods wagons ¥dll generally wagons, 
weigh, cost, and carry from 20 to 40 per cent less than those of similar 
^ype of the standard gauge. But when the traffic is so little that one 
or few trains per day on a standard-gauge railway would carry it all, 
it may be found more convenient to run more frequent, because lighter 
and smaller, trains of a narrower gauge. 

Wagons for little railways between 2 ft. and 3 ft. gauge cost from ^■fKJiwSSi.""** 
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£>Z^ to ;^So ; but on small-gauge portable railways, such as already 
described, for plantations, mines, or farms, or for contractors' 
purposes, where earth-tipping wagons are needed of very small 
gauge, steel or iron wagons, weighing from 4 to la cwt., and without 
springs, can be purchased for from £,1 to ;^i5 ; and if the under- 
frame with wheels are alone purchased, for the addition afterwards of 
wooden bodies, these prices are diminished by about one-fourth. 

Contractors* wagons (standard-gauge) made of wood, with wrought- 
iron axles and cast-iron wheels, but without springs, holding from 80 to 
100 cubic feet, and arranged for tipping end or sideways, cost from 
£>^l to ;^25, and weigh from 30 cwt. to 50 cwt. 

In certain staple trades, such as the coal, coke, and salt trades, the 
mine-owners and. merchants use their own wagons, but for general 
merchandise it is tfie almost universal custom, on railways that the 
wagons form part of the general property of the railway, although 
when railways were first established, the use of the railway by private 
carriers using their own wagons and locomotives was contemplated. 
Inhere are different opinions as to the expediency of this system. 
In the one case, the railway companies are saved the great capital 
outlay involved in the ownership of numerous wagons, many of 
which are liable to be idle by depressed or fluctuating trades, and 
the private owner is more likely to have at command a proper 
number of suitable wagons. On the other hand, although railway 
companies subject all wagons to a careful examination in regard 
to strength and fitness before allowing them to run upon their lines, 
it is impossible to measure the quality and strength of the ma- 
terial of which the wagons are made, and accidents are caused by 
wagons of inferior kind forming part of a miscellaneous train. The 
wagons of private owners are often bought too cheaply, or are made by 
makers with insufficient plant and capital ; such wagons are of inferior 
strength and fail oftener than those belonging to railway companies. 
It is also impossible to ensure that uniformity of size and interchange- 
ability of parts which cheapen not only the purchase-price but the 
cost of repairs when wagons of many different owners run together. 
Moreover, much time and money are expended by railway com- 
panies in the sorting of trains and shunting them on sidings in order 
to send back the proper wagons to each owner, a labour which would 
be avoided if the wagons were common to all 

As a railway company can generally borrow money at a cheaper 
rate than most manufacturers, it is obviously cheaper for them to own 
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the rolling-stock, the interest on the cost being more than repaid by 
the higher freights received, as compared with those on goods carried 
on private wagons. But apart from the question of ownership is that 
of manufacture ; and the railway companies can with advantage pur- 
chase rolling-stock from private builders, who^-chosen by and super- 
vised by the railway companies— can work as well and more cheaply ; 
the tendency of railway companies to establish large factories for 
making as well as repairing rolling-stock being of doubtful expediency. 
The purchase of rolling-stock is often beyond the means not only 
of private persons but of railway companies, and traffic is hindered 
and the development of a railway retarded by the want of capital for 
this purpose. The advantage and profit of having sufficient and suit- 
able rolling-stock are, however, so obvious, that separate associations 
of capitalists have been formed for supplying it \ and wagons are let 
out for hire to private petsons and railway companies. This business 
of letting out for hire is carried on partly by wagon-builders, who 
increase the number of their customers by asking in return for the 
wagons they supply rent only instead of purchase money, and partly 
by separate financial associations who buy from makers. The owner- 
ship of wagons supplied in this way is denoted by name-plates con- 
spicuously affixed to the wagons.. The owners generally undertake 
to maintain the wagons in repair during the period of hiring, and, 
besides the factories where they are built, have small workshops at 
the principal stations where the wagons congregate. Sometimes 
the rent merges into a purchase price, under the system known as 
^'deferred payments," the ownership of the wagons passing to the 
hirers after a certain number of instalments have been paid. 
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CHAPTER XXIII. 

MACHINE-TOOLS. 

- Machine-tool making is one 
I of the roost important of the 
I subsidiary trades, which have 
. accompanied and formed 
3 part of engineering science in 
J every forward step. The ade- 
'^J quate supply of steam-engines 
fcy and machinery to all the various 
S purposes of modem times is 
J only rendered possible by the 
le-tools and automatic processes 
acturing engineer. However much 
may, in some branches of the 
arts, be considered superior to the machine-made article, the reverse 
is the case in most engineering operations, for in almost all cases 
the aid which the machine process affords is found to improve the 
quality, while it reduces the cost The engineer and the tool- 
maker meet each other half-way; the one framing his design so 
that as many parts as possible can be operated on by machinery ; 
and the other, year by year, contriving new machines to supersede 
hand-labour. The artizan instead of having as formerly, by his 
own sheer force, to cut the metals ob which he works, can now 
apply his skill to the higher function of setting out his work and 
superintending the machines which obey his will. The mere tend- 
ing of the machines and the adjustment of the cutting-tools can 
be performed by an ordinary workman, and the amount of finished 



Part IL] 



Machine- Tools. 



307 



Improved in 
detail. 



Better framing^. 



work which a certain expenditure of time, money, and labour will wages saved to 
produce, is immensely increased, to the great advantage of the ««»npoy«*^- 
community. 

The earlier inventors evolved the principles of the machine-tools — Early inventions, 
such as the action of the planing-machine, slide-rests, screw-cutting 
gear — and for many years little improvement was effected on the 
forms adopted by the original makers. But ingenuity has since been 
directed to improvement in detail, and has been stimulated by the 
assistance rendered by the users, who, being themselves engineers 
or skilled workmen, have been able, more easily than could users of 
other machinery, to invent or suggest new contrivances. As applic- 
able to engineers* tools generally, the following have been the most 
important of such improvements : — 

The framework is better designed, and one piece or casting is, 
wherever possible, substituted for numerous parts bolted together ; and 
a hollow section, which affords greater strength and stiffness, is pre^ 
ferred to the H» Ti or X section, formerly adopted. Steel and 
malleable cast-iron are substituted for cast-iron in parts exposed to 
torsion or percussive strains ; spindles are made of steel instead of 
wrought-iron ; hardened steel bushes, which are long-enduring and 
can be replaced, are used instead of unlined bearings, which were 
bushed only when worn ; contrivances for taking up the wear are 
more usually supplied ; and the overhead gear is of better form, and 
fitted with more powerful cone-pulleys than formerly. Greater facili- 
ties for attaching the work to the machine are provided, which lessen 
considerably that expenditure of time and money in fixing, adjusting, 
and detaching the work which oflen exceeds the expense in the 
actual operation of the machine. The greatly-extended use of steel 
as a material for engineering structures, and the stronger tools which 
may be necessary for operating on it, will doubtless tend to further 
modifications and improvements. While in all engineers' work accurate 
fitting, true surfaces, and exact lines are desirable, these qualities are 
specially necessary in machine-tools which reproduce and multiply, in 
the work to which they are applied, the good or bad workmanship by 
which they themselves were constructed. 

Machine-tools for engineers may be broadly classified as follows : — 

1. Machine-tools for the makers of stationary, marine, and loco- 
motive engines, and work of a similar character. 

2. Machine-tools for iron ship-builders, bridge and girder makers, 
tank and gas-holder makers. 
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3. Smithy tools, including steam-hammers and hydraulic forging- 
machines. 

The special machines and appliances for iron and steel making, for 
rifled ordnance and small-arms manufacture, for the cutting and mani- 
pulating of wood, fibres, fabrics, and leather, all of which might be 
classed as tools, may be considered outside a strictly-defined category ' 
of engineers* tools, and are therefore not further alluded to here. Each 
of the divisions might again be subdivided, and generally according 
to the weight and strength of the machines, and great variety of 
special tools included. It is, however, here only intended to give the 
leading types of machine-tools, although incidentally variations or 
adaptation for particular purposes will be alluded to. 

For the present purpose, however, the most convenient classification 
of machine-tools may be made according to their kind as follows : — 

Lathes, Drilling-machines, Boring-mills, Planing-machines, Slot- 
ting-machines, Shaping-machines, Milling-machines, Emery-machines, 
Screwing-machines, Punching and Shearing-machines, Riveting-ma- 
chines, Plate -Bending machines; Smithy Tools, Steam-hammers, 
Hydraulic Forging-machines. 



Lathes. . Lothts Stand first m order of importance among machine-tools ; and 

the various uses to which lathes are applied have greatly increased. 
It may indeed be asserted, in regard to steam-engines and general 
machinery, that the cost of workmanship depends mainly on the 
proportion of the work which can be performed by the lathe ; and for 
this reason, engines, and machines of all kinds — especially those which 
are made in large numbers alike — have their parts specially designed 
Lathes classified, to this end Lathes may be classified generally as ordinary Slide- 

lathesy where the cutting is principally external and parallel, or nearly 
so, to the axis, and in which the sliding of the rest may or may not 
be self-acting ; Screw-cutting lathes^ in which the slide-rest is not 
only self-acting but which can be made to advance automatically 
at any desired speed parallel to the revolving shaft ; Surfacing-lathes 
in which the slide-rest is self-acting not only for sliding along but 
across the face-plate, these lathes being mostly used for turning 
across the axis and for internal turning or boring; Hand-lathes 
for small and light operations, worked either by foot-treadle or 
by steam-power, in which the tool is held and moved by the 
workman instead of in a slide-rest; Copying-lathes which repro- 
duce, more or less automatically, a copy or pattern presented for 
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imitation ; Mtdtiple-lathesy where two or more similar articles placed 
parallel to each other are operated on simultaneously by their 
respective tools, all guided and moved by the same power. There are 
numerous other lathes made for special purposes, such as lathes for 
railway-wheels, for oval turning, spherical turning, engine-turning, 

The size or capacity of a Slide-lathe is stated according to that 
distance from the centre of the mandril-head to the face of the bed 
which determines the diameter of the article which can be admitted; 
and lathes are designated accordingly as lo-in. lathes (admitting an 
article 20 inches in diameter), 12-in. lathes, and so on. Among tlie 
various modern improvements ia slide-lathes, increased strength 
has been given to the mandril-head or fixed head-stock, and the fixing 
of the work in place has been expedited by well-contrived chucks. 
Self-acting or automatic feeds for moving the tool-holding slide-rest 
have been much improved by being made more direct -acting ; and 
special tool-holders and shapes of tool-steel save time in adjusting 
and working. 

Slide-lathes can of course be used as surfacing-lathes, so far as 
the clearance space from the centre to the bed allows room for 
articles of a certain diameter, and this space is increased by a gap in 
the bed at or near the head-stock. One of the modem improvements 
in connection with Gap-lathes^ as they are called, is the making of this 
gap to open and shut with a screw (the bed moving back on a planed 
foundation-plate), so that articles of greater breadth than in a lathe 
without this contrivance can be inserted. Such machines are 
known in £ngland as sliding-gap or break lathes. The sliding-bed 
also allows the longitudinal distance between the mandril-head of the 
lathe to be increased, so as to admit shafts or other articles to be 
turned, of a greater length than would otherwise be possible. For 
i6-in. lathes and under, it is usual to have a fixed gap, but for larger 
sizes the sliding giap is preferable, as the gap can be closed up to 
allow of the slide-rest being brought near to the face-plate for heavy 
work of a diameter too small to need the gap. It is especially neces- 
sary that the foundation shall be hot only true and stable for a 
slidmg-gap lathe, but that the bed shall be of ample weight to make 
up for its loss of strength in not being self-contained. In some of 
these lathes, the mandril-head slides on a bed, and so alters the 
width of the gap ; in others, the part of the bed on which the loose 
head-stock (called sometimes the poppet-head) works, moves to or 
from the mandril-head. 
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turned; whether the work is of a heavy or light kind; and the class 
of work or trade on which the machinery is to be employed. Al- 
though this capacity or size and length of the bed are the main 
dimensions by which the lathe is designated, these particulars do not 
alone allow the proper appraisement of value, for if the height of the 
centre be increased (so as to increase the nominal capacity of the 
lathe) without increasing the strength of the parts — ^as in the com- 
petition of trade is not unfrequently done for cheapness — the bed, 
headrstock, and other important parts will not be strong enough for 
the additional weight which the size of the article throws upon them, 
and the tool will have to work at an unprofitably slow speed or depth 
of cut, or the lathe will be unduly strained or break. 

Whed'iathes are used for turning and boring railway-wheels, and 
are generally made with two slide-rests to operate at the same time 
on a pair of wheels fixed to an axle. Sometimes there are even four 
slide-rests, so that a tool can operate at the same time on each side 
of each wheel The face-plates can be niade to revolve at the same 
or at different speeds, so that a wheel may be turned on one, while 
another wheel is bored on the other. As the gauge and diameter 
of railway-wheels vary only within moderate limits, every part of the 
machine can be made exactly for the purpose in view. Lathes of this 
kind are also employed as surfacing-lathes for boring out the tire for 
the wheel and the hole for the axle. Wheel-lathes cost from £2^0 to 
;^i,ooo, and weigh from 8 to 40 tons, the heavier and more expensive 
kinds .being very powerful for turning large locomotive wheels. 

Multiple-lathes have two or more parallel spindles, and are made 
either as turning-lathes or surfacing-lathes. They are chiefly used in 
those trades where large numbers of articles have to be made pre- 
cisely alike. Thus in the manufacturing of small steam-engines or 
pumps, three cylinders or three pump-barrels can be bored, faced, or 
turned at one operation ; or screw-cutting effected on three rods. 
Lathes of this sort may be regarded as special tools; they are seldom 
made except for some particular purpose, for which they are specially 
designed, and cost more than double the price of ordinary lathes. 

Copying-lathes are those in which the shape is given to the article 
operated on, by coupling the cutting-tool to a blunt feeler tool, 
which follows the shape of an iron or steel pattern revolving on a 
parallel axis to that of the article to be turned. These lathes are 
mostly used for turning in wood, oval hammer-shafts^ wheel-spokes, 
and similar articles. 
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Special lathes are made for the various smaller industries which are 
subsidiary to the engineering trades. Lathes for brass-finishers are 
generally made of very simple construction, with the mandril revolving 
at a higher speed than is usual in the turning of iron and steel. Lathes 
of an ingenious and rather complicated kind are made, in which brass- 
work can be turned and bored either parallel or taper, faced and 
screwed, without removing or re-fixing the work. Articles can 
be finished in these lathes to gauge, and interchangeable, for less 
cost than the less perfect work done by the old-fashioned methods. 
Lathes for oval, spiral, and other ornamental work are also made, 
but are not generally employed in engineers' workshops. 
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. The Drilling-machine^ as one of the rudimentary and necessary 
tools of the metal-worker, was, like the lathe, in use long before the 
introduction of steam-power. The different kinds may be classed as 
benchy wall^pillar^ and radial drills, besides which there are horizontal 
and other special kinds ; the choice among these different machines 
depending mainly on the size, shape, and weight of the article to be 
operated on. Bench-drills are small machines which can be bolted 
down to a work-bench and driven either by hand or power. Hand- 
machines cost from ;^5 to< ;^io, and are often used in small 
factories where there is no steam-power available, or on temporary 
works. Bench-machines driven by power cost from ^8 to ;^4o. 

Wall drilling-machines can be used with advantage for articles 
of moderate weight and size, so that one man can move them 
about at the machine, and by its attachment to the wall a machine 
of this kind is more easily and cheaply steadied than a piUar-drill 
or self-contained machine ; and it occupies less room in the work- 
shop. But when articles of wide or irregular shape have to be drilled, 
the wall would in many cases prove an obstruction, by hindering 
the article from being turned about and brought into position under 
the drill It is for cases of this sort that the self-contained Pillar- 
drill is useful, as there is more room around the machine within 
which to move or adjust the article. The distance from the edge of a 
casting or other article at which a hole can be drilled, obviously is 
limited by the distance which the drill projects firom the framework 
of the machine, and this " depth of gap " in a wall or pillar-drill is 
one of the leading points deciding the capacity and usefulness of the 
machine. The wall-drill and pillar-drill are generally similar in other 
points than that which their name signifies, and modern improve- 
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ments in detail have been made in both alike. Better gearing, 
adjusting-tables, facilities for attaching the article to be drilled, 
changes of speed and automatic feed in the advancing cutting motion 
of the drill, are the directions in which such machines have been 
improved, all these points acquiring greater importance as the 
diameter of the holes to be drilled becomes larger. 

The capacity of a drill may be measured or stated according to the 
width or diameter of the article that the table of the machine will 
admit, the diameter and depth of the hole which it will drill, and the 
kind of gear. The size of hole that can be drilled determines most 
other points, such as the diameter of spindle, the size of the wheels, 
and the strength and stiffness of the framing to resist the upward thrust 
from the drill, and also whether single or treble gear is required. 
Drills of the kind just described are needed even in the smallest 
engineering factory. A wall-machine for holes up to i^ in. diameter 
costs from JQ20 to j[^^o ; one for holes up to 3 in. diameter, 
from ;^3o to ^s^") ^^^ larger sizes up to ;^ioo, the necessity for 
numerous parts and self-acting apparatus increasing with the size 
of the machine. The above prices include the driving-pulleys and 
apparatus by which the power is transmitted from the main shaft of 
the workshop to the particular machine. Pillar-drills, as self-con- 
tained machines without the advantage of the wall supports, cost 
generally from about 20 to 50 per cent more than the wall-drills of 
like capacity. 

The introduction of the Radiat drilling-machine was a notable and 
valuable improvement in machine-tools. Till that time, large cast- 
ings or other articles which were too wide for the gap of an ordinary 
drill or too heavy to be conveniently attached to such machines had 
to be drilled by hand; and in the case of heavy articles in which 
numerous holes had to be drilled, even if the size and weight did not 
forbid the use of the machine, the constant moving and adjustment 
under the drill for each hole was troublesome and expensive. In a 
radial machine the drill is operated from a projecting arm or jib 
which swings from the central column or standard of the machine, and 
within this arm the power is transmitted by a horizontal shaft to the 
frame containing the' drill-spindle, and this shaft, having a continuous 
slot or key-groove cut in it, the bevel wheels (generally mitre or 45°) 
upon it can give motion equally at any point in its length to the wheels 
on the drill-spindle. The swinging arm is sometimes arranged to move 
vertically on the framing which carries it, the motion in this respect and 
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the transmission of power being effected on a vertical slotted shaft in 
the same manner as that just described for the horizontal shaft. Not 
only, however, does the far-reaching arm of the machine allow holes 
to be drilled at a distance from the edge of the article far greater 
than the gap of an ordmary machine would allow, but, as the drill 
can advance or recede along the whole length of the arm, and, when 
the arm is made to revolve, command any point within the radius, 
the machine is particularly useful in those cases where numerous 
holes have to be drilled in the same article, which remains stationary 
while the radiating arm moves ; and the article having been once 
levelled, any number of holes can be drilled perfectly parallel without 
any further adjustment, a result which is hardly to be attained with 
any other machine. The mechanism of these drilling-machines has 
been greatly iifiproved, the various movements of lifting or lowering 
the jib, of traversing the drill-spindle along the jib and of swinging 
the jib, being all controlled by the workman ^without his having to 
leave his place by the drill. 

In a radial drilling-machine it is obvious that there are great 
strains on the upright framing of the machine from the leverage of 
the overhanging arm and from the pressure of the drill transmitted 
through it, and accordingly the connection to the upright framing, 
while allowing easy movement, must be very firm. As the drilling of 
large holes is apt to cause vibration, it should be avoided at the 
extreme radius unless the jib is supported at the outer end as pre- 
sently described. With some radial machines, large base-plates are 
provided for attaching the article to be drilled, but for operating on 
heavy castings the weight of the article itself resting on the ground 
affords sufficient stability against the action of the drill. The cost of 
radial drills varies according to the size dnd capacity of the machine, 
to the precise arrangements of the parts, and to the extra movements 
or accessory apparatus which may be needed, and, of course, also 
according to the degree of finish which different service demands or 
different makers provide. A machine for taking in an article 4 ft. high, 
and in which the drill commands a space of 4 ft. radius for drilling 
holes up to 4 in. diameter, costs from ;^ioo to £y 140, while a machine 
with 6 ft. radius and for holes up to 6 in. diameter costs ;^20o to 
;^25o, such machines, for instance, being those suited for an average 
engineering works or locomotive factory. Radial machines fixed to 
the wall and commanding therefore only a semicircular area, cost 
about one-third less than the above. Much larger machines are, 
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however, constructed for use in marine-engine factories or wherever 
the articles to be drilled are of great size. The radial arms or jibs 
extend 12 ft, and when the drill is working at the end of the jib, 
the latter is supported by a standard temporarily fitted upon the bed- 
plate, and having within it a vertical groove within which the end 
of the jib can slide up and down. Machines of this sort cost from 
£aoo to ;3/;soo. 

Among the special drilling-machines contrived for particular pur- 
poses or trades those may be mentioned which drill holes in other 
than a vertical direction. The radial machine just described is 
sometimes made so that the drill-holder can be adjusted at any 
diagonal angle. Horizontal fixed machines also are made for drilling 
the flanges of pipes, cylinders, columns, and screw-piles which cannot 
conveniently be brought within the operation of a vAtical drill. 

Drilling has often to be performed in situations inaccessible to any 
of the machines just described, and in such cases it is usual to fix a 
" drill-post " or light frame on or near the article to be drilled, and 
by means of a ratchet or swing brace attached to the post to work by 
hand, such process, however, being tedious and expensive. The 
necessity for manual work of this kind has for the great majority of 
cases been rendered unnecessary, for by an ingenious invention the 
power from the main shaft of the workshop can be transmitted at 
any angle and to a varying distance to a drill-post where the drill 
(adjusted and controlled by the workman as with the ordinary hand- 
drill) operates with all the advantages of mechanical as compared 
with manual power. But the best application is that in which the 
drill-post is equipped somewhat like the arm of a radial drill with a 
traversing-screw and feed-gear, so that, when the post is clamped to 
the work, all the advantages of a drilling-machine are obtained. 
Instead of a belt, a hempen or cotton rope is used to transmit power 
to the machine, and the pulleys over which the rope runs being made 
to revolve on a swivelled frame, the running rope can be taken in any 
direction. The tightness of the rope necessary to transmit the power 
is obtained, not as with a belt by making and maintaining the rope 
of an exact length, but by suspending to it a weight It will be seen, 
therefore, that according as the drill-post, with the power-receiving 
pulley round which the rope runs, is more or less distant from the 
power-giving pulley, the weight rises or falls, always putting a sufficient 
strain upon the rope. During the drilling of large holes the weight can 
be increased to prevent the rope slipping upon the pulley. A complete 
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apparatus, including the drill-post with the necessary gear, costs from 
£>Z^ to ;£^5o, the novelty consisting in the swivelled pulley-frame 
and suspended weight 

The machine just described is of course only applicable in cases 
where no obstacle interposes between the power-giving shaft and the 
drill-post, although, if the occasion were of sufficient importance to 
warrant the construction of the necessary pulley-apparatus, the ropes 
need not move in one direct line, but might be conducted round 
, corners. But it is obvious that there are many parts and comers of 
ironwork or machinery in course of construction where holes are 
needed quite inaccessible to such an apparatus, and hand-drilling 
seems the only resource. Biit by the use of *• flexible shafts " power 
can be transmitted round comers in a manner which appears re- 
markable. It has been discovered that by a peculiar arrangement 
of spiral wires, held together in a tube or sheath of leather, a revolving 
motion can be transmitted a considerable distance with very little 
friction, even although the shaft or axis be turned or twisted in 
several directions. Thus, such a flexible shaft can be taken in at the 
man-hole of a boiler to a drill working at a remote corner, or to places 
as apparently inaccessible. The shaft is enveloped in leather and 
has somewhat the appearance of a flexible gas-pipe. The complete 
apparatus, including 8 ft. of shaft, cost from ;^io to ;^3o. 

Multiple drills (several drills on one machine operating at the same 
time) are employed where a large number of holes are required in 
regular order or sequence, such a multiplication of drills allowing 
not only a saving of expense but — unless a large number of machines 
were employed — a great saving in time also. Such cases occur, for 
instance, in wrought- iron girders, if drilled rivet-holes instead of 
punched holes be required. Boiler-plates in like manner afford 
opportunities for multiple drills ; also the tube-plates of tubular 
boilers or surface-condensers. As in work of these kinds there are 
certain usual distances apart of the holes (from 3 in. to 6 in. apart, 
embracing those most usual and useful) there is repetition enough to 
' render the constmction of special tools profitable. Multiple drills 
have been designed in various ways, partly to meet varying neces- 
sities and partly because of differences in method. For girder-work 
the general arrangement resembles that of a planing-machine, the 
table on which the article to be drilled is placed, moving between a 
transverse framework carrying the drills. The drilling-spindles are 
generally ranged in line across the machine and are operated from 



Prices. 



Obstacles to 
machine-drilling. 



Hand-drilling. 




x6a 
Flexible shaft. 



Price. 
Multiple drill. 



Where used. 



For repetition 
work. 



Machine 
described. 



31 8 Mathesofis Aid Book. [Chap, xxiii. 

one shaft either by a screw and worm-wheels or by bevel gear. The 

precise methods of working differ considerably, and some machines 

offer more facilities than others for quickly adjusting or disengaging 

Pitch of hole the drills. In all machines the pitch or distance apart of the holes 

can be varied within certain limits, the distance depending on the 

width of the tool-holder, the maximum distance being only limited by 

Driiiinfir of srirder- the width between the standards. If, as in a girder-plate, six rows of 

^ * '* holes have to be drilled to a pitch of 4 inches, six drills work side by 

side, and the moving table moves forward 4 inches from time to 

time. If a single row of holes only is required, as in a bar, then it is 

endeavoured to utilize as many drills as possible by placing numerous 

Several plates ^^^ side by side. Time is saved by placing numerous plates upon 

drilled together. ^^^ another and drilling through all the thicknesses at one operation. 

In such a case one plate may with advantage be drilled first and 
placed at the top and used as a template or guide for the drill, no 
spacing or marking of the lower plates being then necessary. The 
drilling through numerous thicknesses not only increases the effective 
service of the machine but ensures accuracy of work where two or 
more plates have — as often happens in girder-work — to be riveted 
together, for, when each plate is drilled or punched separately, it is 
impossible, even with the greatest care, that the holes should abso- 
lutely coincide. Multiple drilling-machines may be driven by belting 
Prices of multiple "^ ^^ Ordinary way, and such machines cost from ;£^ioo to ;^4oo 
<*^"»* each, and weigh from 2 to 12 tons, but it is often convenient to 

make the machine independent of the general running shaft and 
to attach a small steam-engine to the machine ; an additional cost 
being then incurred of about £^<^o exclusive of boiler. 
Portable multiple Portable multiple drills have been devised for drilling the main 
*■ booms or members of girders when erected in place, the various 

thicknesses of iron that have to be united not till then having been 
For drilling girders placed together, SO that the drills can pierce through all in the 
in place. manner considered desirable for ensiuing the desired coincidence of 
the holes. Drills of this sort to be serviceable must be strong, and 
they cost about ;;^3oo, but have not been very widely adopted. 

The usefulness of a drilling-machine depends gready upon the 

suitability of the drills which do the work. An useful accessory to 

drilling-machines of all kinds is afforded by the Twist-drill^ which 

may be considered as one of the most valuable minor inventions which 

Z63 have been introduced in machine-tools. It is superior to the ordinary 

Twist^iriiis. drill in that, instead of being smaller above its point, it is parallel its 
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entire length, and therefore it forms a correct guide for itself to bore 
a straight hole; it cuts out the substance as a shaving, which escapes 
through the spiral groove; and it maintains its diameter to the 
end* The twist-drills, however^ demand special skill in their manu- 
facture, and cannot, like ordinary drills, always be made by the 
users. It is essential that the drills shall be ground quite truly, and 
special grinding-machines are sometimes used for this purpose, a 
usual plan being to cut the spiral grooves with a milling-machine. 
It is also very important that the drills shall run truly, and to 
ensure this, the shanks of the drills are turned taper round to fit 
exactly into a conical socket-hole. By this arrangement the point 
of the drill revolves truly in the same axis as the spindle ; the drill 
can be quickly put in and taken out of the machine ; and drilling 
can be much more quickly performed than with ordinary drills. But 
while the twist-drills ensure quick and accurate drilling in the manu- 
facture of such exact work as engines and machinery, some users find 
a simple drill, aided by a water jet, effective for such drilling as is 
required in girders or boiler-plates. These drills are of a form which 
allows the shavings of metal to escape, and by means of a small tube, 
a jet of water in fine spray is ejected on to and around the point of 
the drill The water should have a pressure of not less than 50 lbs. 
per square inch, and if this be not obtainable from an existing water- 
main or pipe, a small pump (worked by the shafting of the drilling- 
machine itself) should be provided for the purpose. 

Gauges are almost entirely used for the best class of drilling, and the 
workman is no longer allowed to regulate the size of his drill and test 
its operation merely by the callipers and measuring-rule. Standard 
plug-gauges of great exactitude are obtainable and are specially 
essential where repetition or interchangeable parts are manufactured 

Although holes may be drilled with great exactitude by the machines 
which have been described, other processes are necessary for a bore of 
large diameter, and also where large holes have not to penetrate right 
through the substance operated on. Much boring is effected on the 
chuck of a surface-lathe, and with a cutting-tool worked from an 
ordinary slide-rest the operation may be classed as internal turning, 
as the tool is stationary while the article to be bored revolves. 
Another kind of boring is that in which the article is fixed on the 
lathe-bed or boring-mill, and a mandril or boring-bar, held only at one 
end by the chuck, enters as far as needful, the mandril with a cutting- 
tool upon it travelling forward or the tool moving along the mandril 
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by a self-acting arrangement. Such a method is useful for boring 
large or heavy castings which cannot conveniently he attached to a 
revolving chuck. Where however the hole passes right through the 
casting, it is better to use a boring-bar or mandril, supported at both 
ends ; and so convenient and (for long bores) even necessary is this 
method that a hole right through the casting is sometimes made 
temporarily (and afterwards plugged up), even where the bored hole 
is limited only to a portion of the length. Resembling lathes in 
many respects, machines devoted to this special purpose are known 
as Boring-machines or Boring-mills^ and are used for boring out steam 
cylinders, pump-barrels, and other similar articles, the interiors of 
which, already approximately correct from the foundry-mould, have 
to be bored truly cylindrical, an operation more conveniently effected 
in a special machine than in an ordinary lathe, although the latter 
can be generally used if desired. Boring-machines range from lo ft, 
to 20 ft. long, and have a bed and head-stock somewhat like those 
of a lathe. The cylinder to be bored is adjusted on the bed-plate, to 
which it is firmly fixed, and the boring-bar or rod of the machine — in 
effect a large mandril — passes right through it. Upon the rod is a disc- 
shaped tool-holder with one or more projecting cutters, and as the bar 
Mode of working, revolves and the cutters operate, the disc is made to advance by a 

screw within the bar, till the cutters have bored out the entire length 
of the cylinder. The desired smoothness of surface is given either 
by a succession of operations or by placing two or more tools 
on the travelling disc, so that following close behind each other, 
two; or perhaps three, cuts are given at the same time. The boring 
of large cylinders sometimes occupies many days, and it is not 
unusual for the machine to be kept at work without any stoppage 
till the work is completed. In a boring-machine of the kind just 
described there is a longitudinal or " end-on " pressure of the bar 
against the head-stock, and sometimes during a heavy cut, the friction 
at the bearing place which receives the pressure of the bar is excessive, 
and is with difiiculty kept cool and lubricated. Boring-machines 
such as are used in an engineer's factory, range in price from ^£'150 
to ^300. Vertical machines of great power are employed to bore 
out large marine cylinders, and such machines cost more than 
horizontal machines. 
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pianing-machinea. The introduction of the Planing-machim was the first in a series of 

inventions which have since furnished to the manufacturing engineer 
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entirely new kinds of tools. Till that period, surfacing which could 
not be performed in the lathe had to be laboriously effected with the 
chisel, file, and scraper \ the facing of slide-valves and similar work 
by these means occupjang much of the time of the best mechanics, 
and was even considered a leading test of their skill In almost all 
planing-machines the tool is fixed, and the article to be planed travels, 
the motion being given to the table by a rack and pinion or by a 
screw, and the self-acting reversing movement by shifting the driving- 
belt firom a forward-moving pulley to a backward-moving pulley. 
One of the most valuable improvements was the quickening of the 
return motion of the table when running back from the cut, as it is 
obviously unnecessary to move as slowly as when the tool is cutting; 
and the effective power of the planing-machine has been also increased 
by placing self-acting tool-boxes on each of the uprights of the 
framing, so that side-work can be performed at the same time as that 
on the table \ this operation being possible, of course, only with certain 
kinds of work. 

The capacity of a planing-machine is stated by the dimensions, 
which are those of the width between the uprights, the height below 
the saddle, and the length of the tables ; these dimensions, of course, 
determining the size of the article that can be brought within the 
operation of the machine. Thus a machine will be designated as 
3 ft. by 3 ft by loft. long. The length of the article is not, however, 
bounded by the length of the table, as it can be made to overhang 
it, and if the length require it, be supported on rollers or trestles. 
To allow this, ample floor-space should be provided at each end of 
planing-machines, and if the workshop be otherwise too small, doors 
are generally provided so that long pieces can project beyond the 
workshop, thus giving full scope to the travelling table and its contents. 

The great proportion of the planing-machines used in engineering, 
factories range in size from 5 ft. long by 2 ft. wide by 2 ft. high, costing 
from £^<)o to ;^i30, to those which are 14 ft. long by 5 ft. wide 
by 5 ft. high, costing from ;^5oo to ;£'6oo. Between these limits 
machines of all sizes can be obtained, although each maker has 
patterns of precise sizes which he prefers to supply. Sizes both 
smaller and larger than the above are occasionally made, but small 
planing-machines have been generally superseded by the more 
modem shaping-machines. Hand planing-machines are occasionally 
made for small workshops. It is most important that planing- 
machines be strongly and accurately made and solidly fixed, for any 

Y 
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yielding or inequality will, of course, in any machine, cause the 
work to be untrue, and in a planing-machine these risks are increased 
by the number of jointings and moving parts which interpose between 
the levelled base of the machine and the cutting-tool. 

Planing-machines can be adapted by special arrangements for con- 
cave or convex work, and by means of templates, which give a 
transverse or vertical movement to the tool as the table advances, 
varying curves can be produced; this latter operation being, for 
instance, often required in the planing of armour-plates for wy-ships. 
A special kind of planing-machine is used by bridge-builders and 
others for cutting the edges of plates (several pUtes being generally 
clamped together and operated on at the same time), and these 
machines are generally made double-acting by "turn-over" tool- 
boxes, so that a tool is in operation both in the forward and backward 
movement Machines of this sort can be made to plane plates as 
long as 20 ft , and it is of course necessary that the maximum sizes 
to be operated on be known to the maker; for if necessary, by a 
different construction of the machine, the plates can be then passed 
forward and a second 20 ft planed in a continuous length. In some 
cases by this arrangement a shorter machine may be used for 
general work, as the effective length of the machine can be doubled 
or trebled. A cost of from £,^^o to ;^25o will embrace the great 
variety of plate-edge planing-machines. Wall planing-machines, 
having a vertical and horizontal movement for operating on large 
masses, are made chiefly for the use of marine engineers, but as in 
these machines the tools and not the article operated on travels, 
they may be more correctly classed as slotting or shaping machines ; 
the space occupied is much less, and such tools are coming into 
general use. 



siotting-machines. SlotHng-machines may be placed in the category of planing- 
machines, but unlike a planing machine, the tool and not the article 
to be operated on moves, and the movement is generally vertical. 
Slotting-machines can be either attached to the wall of the factory 
Hpw employed, or made independent : they are employed for cutting key-ways, or for 

cutting out masses of metal, as in crank-shafts ; they are useful for 
many operations inaccessible to the drill, lathe, or planing-machine, 
and for certain purposes the balancing of the tool slide has been 
found a useful addition. They are made of all sizes up to the 
massive machines with a maximum stroke of 15 ft, used by marine 
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engineers, such machines costing sometimes as much as ;^ 2,000; . Priees. 
but for ordinary engineer*s work the cost of slotting-machines 
ranges from ^^^50 to ;£^Soo. 

The Shaping-machine is an outcome of the slotting-machine and Shaping- 
planing-machine, and may be considered, if not a final triumph of 
ingenuity, yet as filling the want long left unsatisfied by the other 
machine-tools. Although used largely for simple slotting-work, such How employed, 
as small key-ways, the chief utility and labour-saving of the shaping- 
machine are shown by its operating in positions inaccessible to the 
lathe and ordinary planing-machine. Long after slide and face 
lathes had been brought to a high state of efiSciency, much im- 
portant work had to be left to expensive hand-labour ; but there are 
now few parts of a steam-engine which cannot be operated on by 
machinery. Such awkward shapes as a cross-head, a curved link, or win cut awkward 
the open-jawed end of a rod can be pared and shaped over the entire * *^**' 

surface by the machine-tooL Where a curved article has to be cut, 
the article can — ^if the radius be within the compass of the machine — 
be fixed on a central table, which is made to revolve automatically, so 
as to press forward the article the thickness of one cut at each 
stroke, against the tool held in a moving arm. In this way incom- Or incomplete 
plete circles to which the lathe cannot be applied are cut, and 
sometimes the machines are made with two tables and two moving 
arms. Circular work has been facilitated, both on slotting and 
shaping machines, by adding a dividing apparatus to the table, so 
that the teeth of wheels can be accurately cut firom the solid, as is 
done in a wheel-cutting lathe. Shaping-machines are generally shaping of wheel 
made with a horizontal movement, the name of slotting-machine 
being retained for those with vertical movement. Although, for 
special purposes, large shaping-machines are made, they are gene- 
rally classed among the smaller tools of an engineering factory, and 
a range of price from ;^5o to ;^2oo, will embrace nine-tenths of Usual prices, 
all that are made. For heavy cuts, however^ the slotting-machine is 
preferable to the shaping-machine, as in the latter the cutting tool 
presses the work away from the bed. Information as to the nature 
of the trade, and the kind and size of the pieces to be operated on, 
is necessary to a proper choice of planing, slotting, or shaping 
machines. These three kinds of machines resemble each other in Large machines, 
that the length of traverse can be varied, and that the return stroke 
is quicker than the forward or cutting stroke. 
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Milling-machines^ in which metals are operated upon bj serrated 
rotary cutters, work more effectually and cheaply in certain cases 
than shaping or slotting machines. Milling-machines are used for 
cutting spiral or straight grooves or notches, and when these are of 
moderate size, a revolvijig tool will, as it advances, cut away the 
entire width. The kind of work to which these machines are applied 
may be exemplilGed by the cutting of slots in hinges or the teeth 
of wheels or the key-ways in shafts; and in the manufacture of 
small-arms, clocks, and watches, milling-machines are indispensable. 
But although most usual for small operations of this kind, special 
milling-tools have been made for cutting out the slots of locomo- 
tive crank-shafts, and it is applied with success as a substitute for 
the planing-machine in cutting level surfaces of moderate area ; but 
the use of milling-machines for cutting large surfiaces is as yet (1880) 
of doubtful advantage. Milling-machines take the place of small 
shaping-machines for certain operations, as it is found they do the 
work more quickly. In this case, the spindle canying the serrated 
cutter is linked to a parallel spindle having a blunt or feeler tool 
working against a pattern of the article to be made, and after die 
manner of a copying-tool, the cutter follows automatically the form of 
the pattern, and bites away the metal quicker than by the repeated 
cuts of the tool of an ordinary shaping-machine. Revolving discs 
with loose adjustable cutters can be used in the milling-machine for 
certain operations where there is much to be done, with greater 
advantage than the serrated cutter, and with less cost of maintenance. 
Milling-machines cost from ;^ioo to ;£^2oo, according to size and 
to the number or variety of accessories. 

One very great advantage afforded by milling-machines is the simi- 
larity of the work produced, as the width of cut does not depend on 
the action of the workman. The making, hardening, and tempering 
of the serrated cutters togedier form one of the principal expenses 
in the working of these machines ; but die cutters can be made by 
the ordinary skilled workmen of an engineering factory, and many 
of them by means of the milling-machine itself. 
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Emery-wheel grindtng-iools are used with great advantage instead 
of cutting tools in many operations where a smooth, but not an 
How employed, absolutely true, surface is desired. Thus emery-wheels are used 

for fetling or trimming small castings, dressing forgings, cleaning 
wheel teeth, and for sharpening saws. For grinding and sharpening 
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various kinds of knives and cutdng-tools, the emery-wheel may in 
most cases be substituted with advantage for the grindstone. The 
emery-wheel will also finish the surface of chilled castings, or case- 
hardened iron- work or tempered steel which are too hard for the file. 
The machines in form somewhat resemble a lathe, having like it 
an iron bed or framing (but much shorter than a lathe bed), with 
a horizontal shaft, upon which is fixed the emery-wheel or disc ; but 
there are numerous varieties in the form of machine ; many are 
made for special purposes, and some are automatic in their action. 
The emery discs or wheels are made of a peculiar composition, 
so that they wear slowly and equally, and are of various diameters, 
from i in. to 36 in., and of thickness to suit the nature of the work 
or ^lape to be produced. The discs run at a high velocity (from sue and velocity 
5,000 to 7,000 periphery feet per minute being usual speeds), and cut 
away the metal presented to them very quickly. For most purposes 
the discs work dry, but for tool-grinding and similar operations 
they revolve in a trough of water. The emery-wheel is useful in 
many cases for giving a smooth surface to articles — such as thin 
pulleys — ^too light to endure the pressure of a cutting-tool in a lathe ; 
and as preparatory to or as a substitute for the finish of a file, it 
saves much expense in hand-labour. The simple machines cost from 
£z to jQ^o each ; but the more elaborate machines of larger size, 
with slide-rests and other adjuncts, range in price from jQ^o to J£^o 
each. The emery-discs weigh firom \ lb. up to 600 lbs. each, and 
cost from about is. per lb. for large sizes, up to about 2s. per lb. for 
very small sizes. Although in the majority of cases v€|^ great 
mechanical accuracy is not attempted, emery-machines are occasionally 
used for very exact work, such as the slide-bars of horizontal engines, 
and for work of this sort the machine with its appurtenances will weigh 
from 5 to 10 tons, and be necessarily much more costly than those 
described above. 
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Screwing and tapping mcuhines are necessary tools in an engineer- 
ing factory, for although the manufacture of bolts and nuts is a special 
branch of trade, and engineers often purchase them ready-made, 
there are many cases when the screwing must be done in the factory. 
In England, the Whitworth standard thread is universally adopted, 
but in America the thread, while mainly following the English pattern 
in regard to the proportion of pitch or coarseness to the diameter differs 
enough in shape to prevent interchangeability with English screws. 
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There have been numerous improvements in the methods of cutdng 
screw-threads, so tliat one workman can in a given time produce 
more and better screws. Formerly the thread could be formed only 
by a succession of cuts ; now it is formed at one cut 

Machines are usually made both to screw bolts and tap nuts, but 
where large quantities are made, as in a nut and bolt factory, separate 
machines are employed* Although in the same machine both large 
and small sizes can be screwed, and such a machine may be con- 
venient for a small factor}^ it is better generally to narrow the range 
of sizes and to have more than one machine. Thus one machine, 
costing with all accessories jQdo to ^^^70, may be used for all 
diameters between \ in. and i in., while a stronger machine, costing 
about ;^ioo, might include all diameters between } in. and 2 in. 
Diameters larger than 3 in. have generally to be cut in a lathe, but 
by improved machines, screws up to 6 in. diameter, with either vee 
or square threads, are cut at once very exactly. These machines 
are, however, expensive, and cost about ;^ 100 per inch of diameter, 
and such an expense is only justified where numerous screws of 
large size have to be made, the saving over lathe-work in such 
cases soon repaying the greater outlay. 



Punching- 
machines. 

See also page 330. 




166 



Capacity, how 
stated. 



Punching-machines for making holes in cold wrought-iron are 
among the most useful and necessary machine-tools, and some trades 
may be said to be entirely dependent on them. For punching the 
softer metals, such as copper and zinc or thin sheet-iron, hand-presses 
are sufficient, and are used in large numbers. In these the descend- 
ing punch is operated by a screw, which is turned by a handle loaded 
at its ends, or by a wheel with a -heavy periphery to act as a fly-wheel, 
which by its latent or stored energy will force the punch through the 
metal In the larger machines used by engineers, the punch is 
generally operated by a lever and cam, or by an eccentric (a steady 
motion being ensured by a fly-wheel), these being convenient methods 
for the short stroke required. 

The capacity of a punching-machine is expressed by the diameter 
of hole and the thickness of the plate which can be punched by it ; 
and these two circumstances have to be considered together, for it is 
difficult to punch small holes through thick plates, the diameter of hole 
practicable in machines of the ordinary kind being approximately the 
thickness of the iroa But while the force necessary to the operation 
may be thus determined, the value of the machine depends also on 
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the depth of gap^ or that distance outward from the framing which 
the punch projects. But while with a deep gap, holes may be 
punched a considerable distance from the edge of a plate, the 
strains upon the framing of the machine, always severe during 
the operation of punching, are intensified according to the leverage 
of the overhanging arm; and therefore the necessary strength, 
weight and cost of the machine increase in a growing ratio as the 
gap is widened. 

Punching-machines are generally provided with a shearing apparatus, 
because the design of the machine and the order of working facilitate 
the double operation, and because also the trades which require the 
one process almost invariably require the other alsa Small punching- 
machines limited to holes i-ia diameter through i-in. iron plates, 
or holes ^ia in diameter through f -in. plates, and with a shearing 
apparatus for \\n. plates, weigh about 20 cwt, and cost from 
J[>ZS ^o £>S^\ while a powerful machine, such as is used in a 
bridge-building factory, capable of punching i-ia holes through 
i-ia plate, at a distance of 20 in, from the edge, and of shearing 
I -in. plates, would cost from ;^2oo to ;^ 2 50, and weigh about 8 tons. 
Larger machines for punching and shearing i^ in. iron, 30 ia from 
the edge, cost ^400. It is customary in the best punching and 
shearing machines to provide also a special or third apparatus for 
cropping L bars, this adding about 15 per cent to the cost of the 
machine. Special machines for shearing and punching L irons only, 
are made for ship-builders. Steam-engines are often attached to dnd 
form part of large punching-machines, this being in many cases more 
convenient than the alternative plan of transmitting the power by 
pulleys or gearing. 

Various improvements have been made in punching-machines. 
The shape and dimensions of parts are better adapted than formerly 
for withstanding the strains and shocks of working, and allow there- 
fore the most economical application of material to the framing of 
the machine. The methods of transmitting the power to the punch 
or shears have been improved ; and controlling apparatus of a simple 
kind has been introduced by which the workman, while adjusting 
the plate or bar to be punched, can instantaneously render effective 
or inoperative the power of the descending punch ; and for particular 
trades this controlling mechanism is applied to the shearing-blade also. 
Some punching-machines are provided with self-feeding apparatus, by 
which the holes are made at regular intervals automatically. 



Depth of gap. 



Shearing press* 



Cost of small 
machines. 



Cost of large 
machines. 



Shearing of angle 
iron. 



S*epag€73. 
Improvements. 



Controlling 
apparatus. 



Automatic feed. 



328 Mathesofis Aid Book. [Chap. XXIII. 

The operation of punching requires considerable care, but good 

Machines must be workmanship depends also on the condition of the machine. It is 

^^ important that the machine be powerful enough to overcome without 

difficulty the resistance of the iron, secondly, that the die be accurately 

and firmly fixed so as to receive the punch squarely and without any 

yielding, and thirdly that the sliding parts should fit closely, for 

otherwise the hole which is being punched will be distorted and the 

iron damaged. Moreover, unless there be very great accuracy in the 

^nch^d"die^ fitting of the punch and die, the latter must be made larger in 

proportion to the punch than is compatible with good work, and 

the punch will be apt to diverge laterally from the vertical line 

Iron damaged by and damage the iron. The tighter the fit of the punch into the die 

punching. o o i: 

the better will be the work done, but the greater will be the strain 

upon the material, so that not only good tools but iron or steel of 

good quality is needed to ensure good work. It is mainly owing to 

the want of knowledge or care in these respects, arid the consequent 

Punching bad results, that some engineers forbid punched holes^ altogether, and 

drilling. . require drilled holes. The reasons adduced in favour of drilling are that 

See STKKi^/agre is». greater accuracy is obtained, and that the iron is not damaged as by 

punching. But unless the drill passes through a template, or at one 

time through all the thicknesses of iron which are to be riveted 

together, the coincidence of the holes in the various pieces depends 

Accuracy, on the accuracy with which they have been marked and the skill of 

the driller ; there being in these respects as much risk of inaccuracy 

with the drill as with the punch. 

To ensure accuracy in the position of the holes, it has become 

Marking of holes, usual to mark them with a centre-punch, instead of in the more usual 

manner with colour only, and the punch of the machine i$ armed 
Nipple-punching, with a projecting point or nipple which fits into the centre spot or 

mark. But marking is altogether avoided sometimes by the use of 
Automatic the automatic feeding apparatus, which so regulates the movement 
of the pieces to be operated on that the holes are made at regular 
and prescribed intervals. This method is adopted, for instance, in 
machines of a peculiar kind, more often used in America than in 
England, in which numerous punches work simultaneously; the 
machine somewhat resembling in appearance a planing-machine or 
multiple drill, the punches being arranged on a cross bridge over a 
travelling table. 

Good iron is not damaged by the punch if the machine be suffi- 
ciently powerful, and if the punch and die be kept in good order as 
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just described ; and a punched hole so produced has, in the opinion 
of many engineers, some advantages over a drilled hole. Some 
advantage is claimed for a punch with a spiral &ce, in which the 
pressure is exerted at first only on one side of the tool, and is 
gradually felt over the whole surface as the tool descends, but this 
method is less advantageous for thick iron. 

Steel is much more liable to be damaged by punching than iron, 
though the risk is greatly reduced in the case of mild steel and by 
the use of a good punching-machine. The annealing of steel after 
it has been punched goes far to restore it to its original condition 
Hard, brittle iron is liable to be damaged by punching, especially 
with a defective machine, while drilling often allows the use of such 
iron to pass undetected. There is, however,^ much to be said on both 
sides of this question ; but as drilling even with multiple drills is a 
slower process than punching, the rate of production, if drilling bd 
required, is much diminished. There is the great saving in punching 
that one superior workman aided by unskilled assistants can do as 
much work as numerous drilling-machines, each of which requires a 
skilled workman to manage it. 

Hydraulic-power is applied to punching and shearing-machines, 
the concentration of force rendering possible the direct action of 
a ram upon the punch without the necessity for cams, eccentric, fly- 
wheel, or rotary motion. There is the disadvantage in a machine 
moved in the ordinary way by wheels, that if through inadvertence work 
be presented to the punch or shear-blade which is beyond its power, 
some part must break because the impetus of the fly-wheel cannot 
at once be arrested ; this accident often occurring, for instance, in the 
heavy shearing-machines used by shipbuilders and ironmakera But 
this risk of breakage is absent in a hydraulic machine which simply 
stops if the work is beyond its power. Hydraulic tools find their best 
place in a workshop where hydraulic power is established for general 
purposes, because the pumps and accumulator can be provided on a 
large scale ; but as the pumps may be easily worked by the ordinary 
shafting, which would give power to the pulleys of an ordinary 
machine, and as a small accumulator is not expensive, one or two 
hydraulic machines can be established without inordinate expense. 
For portable punching • machines, hydraulic power compares still 
more favourably, and indeed renders possible operations which are 
quite unattainable by other means. The small screw-punch, or 
" bear," was formerly the only tool available for this purpose, the 
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power being laboriously applied by a long handle or lever; but 
even the ingenious duplex adaptation of compound levers for this 
purpose, by which the long handles are rendered unnecessary, is 
not so efficient as the hydraulic machine. Portable punches as 
above described are made either on tripod stands, for work that can 
be brought to them, or without stands, so that they can be carried to 
girders or other structures and applied in place. 

The simple screw punching-bears cost from ^3 to J[^<^ each, and 
weigh from 25 to 90 lbs., and the duplex machines, which are much 
more easily worked, cost from ;£'8 to ^14, or, if fixed oh a stand for 
punching larger holes, ;^3o. Portable machines of this kind are most 
effectual for small holes, and they are applied with difficulty for 
heavier work than i-in. holes through i-in. iron. But for holes in 
narrow bars such as rails, where the die can be held at both sides, i in. 
through I'in. iron or i-in. steel can be punched by portable screw- 
machines. Hydraulic punching-bears cost from £^\o to ^30, and 
weigh from 70 to 400 lbs. The weight and cost of all portable punch- 
ing-machines increase in a rapid ratio if a wide gap is required as 
previously described. 

Small holes may be punched through thick iron by special machines 
contrived so as to apply the theory of the " flow of solids." It is in 
this way that thick nuts with small holes are punched cold, as a 
persistent pressure of the punch in a peculiar way forces the pellet 
before it 

The particulars which determine the form, size, and cost of a 
punching-machine, are the nature of the trade, the maximum dia- 
meter of hole to be punched, the thickness of the iron, and the 
depth of the gap. 



Plate-bendincf 
machines. 



Plates bent to 
complete circle. 



Plate'dending machines^ for bending the plates of boilers or ships, 
are made with three rollers, and the plate being passed below the 
top roller the desired curve is given by lowering it between the 
two under rollers, so that the centre of the plate being pressed 
downwards in passing through, the ends curve up. The machine 
should be so contrived that the plate after being bent can be re- 
moved endways, this being necessaiy when ,a plate has been bent to 
a complete circle. Plates have to be so bent for the flue tubes of 
boilers, and sometimes also for the shell of the boiler itself, in cases 
where it is sought, by using one large plate, to avoid a seam at the 
bottom of the boiler. It has therefore become usual to make 
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bending-machines with the upper part of one standard loose, so that 

it can swing back and allow the plate to be drawn endways from the 

rollers. While^ however, this plan is effective for plates of moderate Vertical machines 

size, and not exceeding 8 cwt^ larger plates, which are used in 

certain trades, are too tmwieldy to be so moved, and to meet these 

cases, machines with vertical rollers are made, in which plates up to 

40 cwt can be treated. 

Ordinary plate-bending machines range in length from 6 ft. to 10 ft , 
cost from ^150 to ^250, and weigh from 5 to 10 tons, the weight 
and cost of the machine being determined as much by the thick- 
ness of the plates to be bent as by their size. The rollers are 
sometimes prolonged beyond the bearings for bending L and T 
iron, and special machines are also made for bending C and X 
iron, by passing them while red-hot through three rollers, arranged 
on the same principle as the plate-bending machines. 
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RweHng-madiines are made either for steam or hydraulic power, 
and, in both, the pressure is applied directly without the inter- 
position of wheels or gearing. In a steam machine, a horizontal 
cylinder of large diameter is employed, so as to concentrate a 
sufficient power on the piston-rod forming the rivet-closer. Riveting- 
machines have to stand a considerable height from the ground to 
allow structures of varying shape and size to be presented to the 
riveting tool The weight and strength of the framing, and therefore 
the cost, depend more upon the depth of gap than upon the diameter 
of the cylinder. The prices of steam riveting-machines as used by 
boiler-makers and bridge-builders range from J^^^o for a machine 
with 3-fL gap, ^300 for 4-ft. gap, to ;^45o for 6-ft. gap ; the weight 
ranging from 8 to 15 tons. The above prices are exclusive of the 
overhead crane. 

The superiority of machine over hand riveting lies in the different 
effects which result from the different kind of blows. A small weight 
falling with a considerable velocity a great number of times may pro- 
duce the same aggregate result as a heavy weight falling once with a 
less velocity, but the effect worked by the former is chiefly in the 
particles nearest to the tool (the hammer, the rivet-point, and the 
surface of the plate), while with the latter the effect is transmitted 
to the more distant or interior particles. A rivet should be heated 
throughout its entire length, and when inserted should be as hot — 
and for hand-riveting, or in the case of long rivets, hotter — at the 
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head dian at the point The blows of the hammer are not felt so 
severe!/ at the hilt as at the point, and as at both it is necessary to 
swell out or " upset " the rivet to fill the hole entirely, extra heat and 
ductility at the hMt allow the blows of the hammer to have due effect. 
The effect of hand-hanimering on a rivet depends on the care and 
skill of the workmea If they strike the rivet flat several times, they 
will " upset " the iron and fill the rivet-hole, but they do not always 
do this effectually, but begin to form the head prematurely by 
striking the rivet at an angle, trusting to the cup, or snap-tool, to 
upset the iron in the hole, which it does not do effectually. A 
riveting-machine avoids this defect, and moreover has the advantage 
of pressing the plates, through which the rivet passes, together. 
Hammering, if continued too long after the rivet begins to get blacky 
causes the iron to crystallize, and rivet-heads so formed are brittle . 
and often fall off. Much depends, however, on the quality of the 
iron in the rivet, and where very ductile charcoal-iron is used, rivets 
of moderate size may be hammered quite cold. 

Hydraulic-power finds a useful application in riveting-machines^ 
and in the opinion of many engineers offers such advantages over 
steam-power as to induce them to prescribe hydraulic riveting for 
all work over which they have control. The operation may be de- 
scribed as a blow and squeeze combined, and to obtain the necessary 
velocity the power must be brought through the medium of an accu- 
mulator, a direct supply from the pumps to the machine not being 
quick enough. A steam riveting-machine of average size has a piston of 
36 in. diameter which, with steam of 50-lbs. pressure per square inch, 
affords a total force on the rivet-closer of 22} tons, while with water 
of an initial pressure of 1,500 lbs. per square inch, a cylinder 6} 
in. diameter affords the same force. In a steam-machine, there are 
generally fluctuations in the pressure, and a diminution of 5 lbs. per 
inch will reduce the force by 2\ tons ; and often when the machine 
is quickly worked, the diminution is still greater, and there is a cor- 
responding variety in the quality of work done. But in a hydraulic 
machine supplied with power from an accumulator there is an abso- 
lute uniformity in the force applied, although the power can be in- 
creased or reduced at will, by simply adding to, or reducing the dead 
load on the accumulator. Hydraulic machines are particularly useful 
for rivets of large diameter or where long rivets pass through numerous 
plates, as the great force which may be applied, closes and holds the 
plates together in a manner otherwise unattainable. In regard to 
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cost, the hydraulic riveter, if considered separately from the arrange- 
ments for supplying power, is generally cheaper than a steam-machine 
of equal power, although the cost of pumps and accumulator (if 
established for this one machine only), makes the total outlay greater 
if only one machine be worked j but as one accumulator and one 
set of pumps will suffice for two or more machines (one of which 
may be a portable machine), no greater expense is needed in such a 
caseihan for a steam-machine. Where there is a complete system 
of hydraulic machinery, a special steam-engine for pumping is pro- 
vided ; but for one or few machines, the pumps can be worked by 
belting from the general shafting of the factory, and the expenditure 
for power so abstracted is less than that taken from a boiler for a 
steam-machine, as for the latter there is generally much waste of 
power. Where there is no line of shafting conveniently available 
for working the hydraulic pumps, the waste heat from the rivet 
furnace usually suffices for the boiler of a small engine, although the 
same heat would be insufficient for a steam-machine. There is 
the great advantage in a hydraulic machine that pressure-water may 
be brought a considerable distance from the source of power without 
appreciable loss. The foundations of a hydraulic riveter generally 
cost less than those for a steam-machine. Hydraulic machines weigh 
from 5 to 10 tons, and cost from ^150 to £s^^ exclusive of pumps 
and accumulator. The machines are generally made to exert a force 
of from 25 to 50 tons on the riveting die, and the gap of the machine 
can be made of any depth from 4 ft up to 12 ft 

The Portable hydraulic riveter^ according to TweddelFs system, 
exemplifies the peculiar advantages of water-transmitted power more 
than any other operation to which it has been applied By means of 
a machine measuring about i ft by 2 ft., and weighing only from 
300 to 400 lbs.,*a pressure of 30 tons can be applied to the closing of 
a rivet in its place as part of a large structure — girder, bridge, ship, 
or boiler — which would be quite inaccessible to a fixed machine, and 
without such a method, only to be performed by hand-labour. This 
concentration of power in a small compass is rendered possible by the 
high pressure which can quickly and easily be obtained from hydraulic 
pumps through an accumulator, and to the simple and effective 
jointing or articulation of the small tubes through which the water is 
conveyed, and which allow the machine to be moved from place to 
place almost as readily as a portable gas-lamp supplied by an elastic 
tube. It is in the movability from the source of power, and in the 
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quick stroke which the accumulator aflfords, that the portable riveter 
differs from the hydraulic lifting-jack, for in both the force is ob- 
tained in a small portable machine by the use of high-pressure water 
on a piston or ram of small diameter. A hydraulic riveter as just 
described costs only about ;£^ioo if used where hydraulic pumps and 
accumulator are already established, but an additional cost of from 
jC^7^ to ^200 must be incurred if these have to be made. This is 
still exclusive of the engine-power for the hydraulic pumps, which 
can however be generally worked from an existing line of shafting, 
with an expenditure for the force abstracted much less than that which 
would be required in wages for hand-riveting. ' The cost of overhead 
cranes or travellers has generally to be incurred, the kind and cost 
depending on the nature of the work to be operated on. Machines 
of this kind have been found effective not only in boiler-making, 
in the bridge factory or ship-building yard, but for riveting in situ 
during the erection of large bridges. 

Compressed air is sometimes employed as the medium of power for 
portable riveting- machines, the apparatus, in regard to portability 
and shape, much resembling the hydraulic riveter. As however it 
is not convenient to use air of great pressure, the force is applied in a 
totally different manner than in a hydraulic machine. There are two 
systems, one, in which a rapid succession of blows, each of only 
moderate force, is given as in a rock-drill, with a result like that in 
hand-riveting, and the second where one blow only is given, but 
with a power multiplied by a lever. 



Choice of tools. 
Workshop plan. 



Supports for 
snaftinsr. 

Seepage 104, 

Foundations. 
Concrete. 



See Cement, 
Chap, XXV I L 



Referring to the various operations described in the preceding 
pages, the Choice of machine-tools is greatly assisted by a plan of the 
workshop showing the position the machines are to occupy and the 
space available for them ; an elevation and cross-section showing the 
driving shafts, their distance from the wall and roof (thus indicating 
the length of belts and clearance-space for pulleys) ; the thickness of 
the wall or roof-beams available for supporting overhead. gear; and 
information as to the diameter and speed of the shafting which is to 
drive the machine, In England, machine-tools are generally fixed 
upon stone beds, but timber is sometimes employed Stone is pre- 
ferable to timber, but as concrete will serve equally as well, it is 
easier and cheaper to export Portland cement to countries where 
indigenous stone is wanting, if suitable gravel, ballast, or other material 
for making the concrete be obtainable in the locality* 



Part II.] 



Machine- Tools. 



335 



The importance of fixing a machine exactly level on a solid founda- 
tion cannot be overstated, for not only is the correctness of its work 
imperilled by an uneven or yielding bed, but the labour of fixing the 
article in the machine iis increased, for it is always convenient to 
adjust the article by the spirit-level on the assumption that the 
operating-tool will work exactly parallel or at the desired angles to 
the horizontal line. 

Great care is necessary to ensure a solid bearing at all points, for 
if the supports are not in a true plane, the machine, especially if it 
covers a large area, may, in settling down to the place provided for 
it, become distorted or strained Indeed some engineers consider it 
so difficult to adjust exactly four bearing places, that they prefer to 
make only three of the supports rigid, which can be arranged without 
difficulty, and to make the fourth jointed or otherwise adjustable to 
allow of exact setting. 

A full knowledge of the purpose for which the machine-tool is in- 
tended greatly assists a proper choice, for there are many alternative 
arrangements of detail from which can then be selected the one 
suited for the case in view. Moreover, if a constant repetition of 
similar work is intended, special self-acting or automatic arrangements 
can be provided to increase the service and to cheapen the cost of 
working. On the other hand, special machines which may be useful 
in large factories are out of place when the work is of miscellaneous 
kind or is limited in amount Summarising the suggestions con- 
veyed in the preceding pages for particular tools, it may be stated 
generally in regard to all, that, to allow of a proper selection of 
the machine needed, the following information should be furnished 
by the pmrchaser : — 

!• A description of the trade for which the tool is needed. 

2. The size and weight of the pieces or articles to be operated on. 
This may either be given by approximate dimensions and weights, or 
may be sufficiently indicated by a description of the commodities to 
be manufactured* Thus, in the case of locomotive, marine or 
stationary engines, their size or horse-power will convey a good idea 
of the capacity of the machine-took necessary. So if ship-building 
be the trade, the size and kind of vessel built will tell approximately 
the strength and size of the various tools. 

In purchasing machine-tools, it may be sufficient to furnish the 
foregoing particulars to the manufacturer, on whom will then rest 
the responsibility of supplying what is suitable. If competitive offers 
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have to be considered, a specification and drawing from each maker 
will be required in order to allow a comparison of values. To facili- 
tate such comparison and to narrow the differences of various designs, 
certain main features may be prescribed by the purchaser. In the 
first place, the strength or quality of the materials may be described. 
Cast-iron may be specified by the breaking strain and deflection 
of a standard test-bar, but a proper selection of the iron depends on 
the kind of machine. Thus in the bed of a lathe or planing>machine, 
rigidity is of the first consequence to allow of heavy cuts at maximum 
speed, as any yielding or springiness would be fatal to the accuracy 
of the work done. A saving in weight by having tough metal would 
therefore be inexpedient, while on the other hand, toughness and 
elasticity are essential qualities in toothed wheels or in the framing 
of a punching-machine. The tensile strength of the wrought-iron, the 
kind or brand of steel, and the alloy of brass, are also points of 
importance. Conditions of quality such as these may be safely left 
to manufacturers of repute, but certain points must be specified to* 
allow a proper comparison of competitive prices. Certain leading 
dimensions of length, width and height may be stated, as well as the 
scope of the machine in regard to the size of the article to be treated. 
But such particulars are not conclusive unless the speed and capacity 
be also stated, as the framework, while large enough for the desired 
purpose, may not be so strong as another for cutting or piercing at a 
profitable speed the metals dealt with. The specification, whether 
of buyer or seller, should enumerate the accessories or duplicate parts 
that are to be supplied. It is usual for the machine-tool maker to 
include in the price the brackets, pulleys, and other driving apparatus 
for transmitting and regulating the power from the main shaft of the 
factory, but as such a condition may admit of different interpretations, 
the various appurtenances should in each case be described. But 
to enable the manufacturer to calculate the size, shape and cost of 
these parts, the purchaser must first state the speed of the shafting 
and diameter of the pulleys from which it is proposed to give power 
to the machines, and also the nature of the supports — ^roof beams, 
walls or columns — ^to which the shafting brackets are to be fixed. So 
also the driving-belts, cutting-tools, tool-holders, spanners, holding- 
down bolts, and other minor parts should be enumerated. 

Machine-tools generally pack closely for shipment, the weight 
usually exceeding the measurement tonnage. Large or long pieces 
require special protection against damage, and all small parts have to 
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be packed in close cases. The cost of packing for shipment ranges 
generally from 3 to 5 per cent on the purchase prices. 



The proper Management of machine-tools is one of the most 
important conditions in the profitable carrying on of an engineering 
factory. In regard to the machines which have been enumerated in 
the preceding pages, it is obviously important to utilise them to the 
utmost by having the most perfect cutting-tools, and by keeping 
them fully employed; but too often, even when care and money 
have been expended without stint on the machines, the results are 
inadequate for want of attention to these conditions. Assuming that the 
machine has been well chosen in regard to the work to be performed, 
the amount of service depends mainly on the following points : — 

(a) The readiness with which the article can be attached to the 
machine and adjusted, more time being often expended in this than 
in the actual working of the tool Much invention has been directed 
to these operations, and the less variety there is in the size and shape 
of articles, and in the kind of service required, the more scope will 
there be for improvements and for the application of " special" tools. 

ip) The shape of the cutting-tool and the manner in which it is 

held. Skilled workmen acquire great aptitude in the shaping of tools 
to the proper form, and in their ready application to the purpose in 

view, but they are greatly assisted by having steel of appropriate shape 

from which the tools can be fashioned, well-contrived grindstones or 

emery-wheel grinders, and tool-holders which allow quick adjustment. 

(c) The operation of a cutting-tool and its endurance obviously 
depend much on the quality of the steel and on its suitability to the 
metal it is to cut, though this consideration does not always receive 
the attention it deserves. The better the steel, the longer it will 
work before needing to be re-shaped or re-ground ; and by a careful 
choice of the kind of steel, the maximum speed of the cutting-tool 
can be obtained, there being wide limits within which economy 
in this respect may be promoted. 

(i) The cutting-speed of machine-tools, and the depth and width of 
cut, should be carefully studied by those who have the management 
of workshops. In many cases, even where attention is paid to other 
points, these are left to the discretion or whim of the individual 
workman, while it should be obvious that on them the profit or loss 
which will result from a given outlay in machinery, wages, and 
current expenses almost entirely depends. The amount of work 

z 
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which machines of similar kind and capacity will produce, varies even 
in first-class factories as much as 50 per cent The necessity and the 
advantage, both to employer and workman, of payment by results are 
ever becoming more evident, but the scale of payment for piece-work 
can only be equitably arranged on some standard basis in these 
respects. The area of surface finished in a given time, or the number 
of holes punched or drilled, should be tabulated for each of the 
metals dealt with, and some standard set up. Even then the 
best results can only be obtained by a wise expenditure, in the first 
instance, on true and powerful machines that can be worked at a maxi- 
mum speed But with respect to the width, depth, and speed of cutting, 
not only the power of the machine has to be regarded, but also the 
strength of the article operated on to resist the pressure of the tooL 

(e) Even with the best machines and cutting-tools, the cost of 
working depends greatly on the organization of the workshop and the 
order of procedure. In many cases, one skilled workman, assisted 
perhaps by a boy or labourer, can manage two or more machines ; 
and although such an arrangen^ent is often opposed by the fallacious 
reasoning of trades-unions, it is obvious that the workman who can 
so utilise the machinery, enhances the value of his services. Where- 
ever possible, relays of tools should be in readiness to replace those 
which are worn or broken, and in many factories, the workmen who 
control the machines are not allowed either to shape or grind their 
own tools, as not only their own time but the valuable time of the 
machine is lost while they are absent from it In well-managed 
factories, store-rooms are provided for loose tools, which are kept in 
good order and issued to the workmen in a systematized manner. 

(/) A clean, well-ordered workshop has much to do with the good 
condition of machine-tools. A floor of wood blocks, or asphalte, or 
other substance which gives out little dust, is an advantage. The 
wearing parts of the machines should be preserved as much as 
possible from dirt and grit, and oil of good quality only used. Under 
favourable conditions in these respects, the workmen will be found 
to take care and pride in keeping their machines in good order; and 
even some degree of smartness — such as the polishing of bright 
surfaces — ^may be encouraged, because such attention generally 
brings with it care to the more essential parts of the machine. 



[See also The Establishment of Factories : The Transmissiok 
OF POWER : and Smithy Tools.] 



CHAPTER XXIV. 

SMITHY TOOLS AND STEAM-HAMMERS. 

A WELL- ARRANGED and well-kcpt smithy is generally evidence of good WeiUarrang«d 
management in an engineering factory ; but very often, even where *"* ^' 

skill and money have been expended on the other departments, the 
arrangements of the smithy are rude and defective. Smiths' 
hearths are generally arranged along the wall, and the anvils, steam- 
hammers, and other machines in the centre of the smithy. This plan 
economises space ; one line of blast-pipe will serve all the fires ; and 
cranes, if needed as adjuncts to the hearths, can be conveniently 
attached to the wall. The hearths may be placed -either singly or Hearths pUced 
in pairs, or sometimes even in groups of three or four ; these arrange- •*"*^'^ *" eroupcd. 
ments and the distance between the hearths depending mainly on 
the dimensions of the forgings to be made. The smoke and fumes 
from the hearths may be conducted either by bend-pipes from the 
hoods to chimneys constructed in the wall^ or vertically by light iron smoke-pipes and 
chimneys through the roof. Where hearths are arranged in pairs, they ^^ ** 

are sometimes covered by one hood ; but this plan, though effective, 
requires a hood of large size, and is inconvenient to make and cany. 
It is sometimes found convenient to conduct the smoke from numerous 
hearths to one chimney, through a horizontal tube of large diameter, 
with which the hoods of all the hearths are connected. A smithy 
should be lofty and well ventilated ; the floor should be made of iron VentUation. 
borings, wood-blocks, or other compact substance kept clean and 
watered, and there should be an abundant supply of water con- 
veniently placed ; the comfort and efficiency of the workmen being 
much promoted by such arrangements. 
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Smiths* hearths may be broadly classed as of brick aod iron. 

Brick hearths are preferred by some engineers : they are easily built, 
and in a foreign country, where good bricks are made, require the 
minimum of imported material. A cast-iron back-plate, tuyere, and 
water-cistern cost from J[,^ tO;^8, according to the size of the hearth ; 
and the rest of the structure may be made of brick. To ensure a 
proper upward draught, a hood is generally necessary to conduct the 
smoke and gas fumes to the chimney ; and the hood, if of brick, is 
conveniently supported on an angle-iron frame, held back to the wall 
or chimney by tie-rods. Brickwork is preferred sometimes because 
less heat radiates from it into the smithy than from iroQ, but the same 
advantage is obtained in an iron hearth by lining it with fire-brick. 
In some cases the hood is made of brickwork for its supposed cool- 
ness, while th^ base and fire-pan of the hearth are made of iron. The 
ironwork for such a hearth costs little less than a hearth entirely of 
iron. It is. sometimes sought to avoid hoods altogether, and hearths 
so arranged are found to work well in some factories. But this plan 
i$ only possible by a special system of ventilatipn, a vertical draught 
sufEcient to carry the smoke to outlets in the roof being ensured by 
doors or other air inlets in the side walls. 

Iron hearths are generally preferred to brick hearths in modern 
engineering factories, as they are self-contained, occupy less room, 
can be purchased ready-made, and are cleaner in use. They are 
generally made of cast-iron, except where the risks of breakage in 
long or difficult land-carriage render wrou^ht-iron safer. Cast-iron 
hearths, as suitable for ordinary engineering smithies, weigh from lo to 
22cwt., and cost from ;^io to ^35. Hearths of particular sh^pe 
and size are made for many of the special purposes in an engineering 
factory. For large forgings, circular hearths standing clear of the 
Conversing blast, wall,' and with a converging blast from three tuyere^, are often 

employed. Such a hearth, for instance, \% used for heating railway 
wheel-centres. Suitable hearths or furnaces are generally provided as 
accessory to a steam-hammer, and in such cases not only is the 
hearth made of special size and shape, but hearth, crane, and hammer 
are designed and arranged as one apparatus, so as to allow the best 
and cheapest sequence of operation. For small forgings, such as 
for carriage ironwork, small-arms making, and other special repetition- 
work, small hearths of appropriate shape are contrived ; they are 
often enclosed instead of open in the way usual for ordinary smithing. 
Sometimes the hood is raised, and its lower part lined with fire-brick 
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set in fire-clay. Fire-bricks of ordinary size and kind may be used ; 
such bricks cost about id. each, and are exported in considerable 
quantities, but they are ok:casionally made of special shape and size 
to fit the hearths. For out-of-door work, smiths' hearths are some- 
times made without a hood ; but it is then generally found necessary 
to provide a screeti as a shelter from the wind. 

The fire-plate of a hearth is often made of special size and shape 
to Suit particular work. For certain rough or heavy forgings — such 
for instance as anchors and chslin-cables — a hearth-plate stronger than 
usual is necessary. 

Various improvements have been effected in smiths' hearths. 

In the mode of producing the blast In the tuyere or nozzle 
by which the blast is admitted to the fire. 

The hand-bellows produces a blast slowly and laboriously, and 
for large forgings is inadequate. It has long been superseded by 
rotary fans or blowers wherever power is available for working them, 
and even where mechanical power is not obtainable, hand-machines 
are often preferred to bellows. 

The Fan in some respects resembles the centrifugal pump, for it is 
circular, is armed with radial blades, and revolves inside a case. 
To raise a blast sufficient for a smith's fire, a high speed is necessary ; 
from T,2oo to 1,500 revolutions per minute being ordinary rates. A 
fan sufficient for supplying 7 fires With blast costs about J[fi ; while 
one for 15 fires costs about ^16. To these prices must be added the 
cost of the shafting, pulleys, and belts between the motor and the fan, 
which are required to multiply the speed. 

The Blatver^ which was invented long after the fan, is, in the opinion 
of most engineers who have tried it, a much better machme for pro- 
ducing a blast. It has a rotary motion, but it revolves at about one 
fifth of the speed ; it works in a close-fitting case, and forces the air 
steadily before it, instead of like a fan merely beating the air. A 
blower is more costly than a fan, but requires fewer shafts, pulleys, 
and belts, and less power is necessary to produce a given blast. 

The blast fi'om a fan or blower can be conducted a considerable 
distance in pipes, which are generally laid about one foot below the 
ground or floor of the smithy. Sometimes wood or brick conduits, 
or earthenware pipes, are used; but iron pipes are generally preferred, 
as they are tighter against leakage, are less liable to fracture, and 
there is less surface friction. The pressure is so slight that sheet-iron 
pipes are strong enough, though they are less durable than cast-iron 
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See page 23S. agaiHst tust ; the choice depending upon which is more easily 

obtained in the locality. 
Stand-pipe. By the side of the smith's hearth, a stand-pipe with simple 

shutter-valve or plug-valve conducts the blast from the underground 
pipe to the nozzle which enters the he^th» ^ the blast has to be 
conducted into the heart of the fire, the nozzle is liable to be burnt 
away by the intense heat, and to preserve it as much as possible the 
Water tuyere, water-tuyere is generally usei This tuyere is a double pipe of cast- 
iron passing through a cistern behind the hearth, and the annular 
space being kept full of water, the effect of the fire on the nozzle is 
Disadvanuges. thus greatly counteracted. Water-tuyeres are bulky, necessitate a 

cistern of water, and are not always used even in fixed hearths, and 

hardly ever in portable forges. One plan of supplying air without 

Vertical tuyeres, the water-tuyere, is to* bring the blast from below by a vertical pipe 

into the centre of the hearth through a small perforated plug or plate, 
which fits into the mouth of the pipe. Such a plate is not so much 
exposed to the intense heat of the fire as a nozzle which projects 
horizontally, and it can be cheaply replaced when burnt. The fire-pan 
of a hearth so supplied with air can be made shallower than that of 
an ordinary water-tuyere hearth ; but although many smiths who have 
used them prefer the vertical blast, the horizontal water-tuyere is 
(i88p) used in th^ majority of cases. The plan of a central tuyere has 
been elaborated by making die plug to move upwards, so that it not 
only serves to regulate the blast, but, when so moved, to clear the 
fire. 

Closed furnaces are used for many of the processes in an engineer- 
ing smithy, for which a smith's or open hearth, which concentrates 
X75 an intense heat on one lump of iron, or on one portion of a large 

Closed furnaces, piece, would be quite unsuitable. Whei^ large surfaces have to be 

brought to ^n equable heat — as in the case of boiler-plates or wheel- 
For heating plates tlres — an ^ncloscd fuHiace without a force blast is used, the necessary 

draught being provided b^ a suitable arrangement of the flues and 
chimney. The article to be heated is not brought into contact with 
the hot fuel as in a hearth, but the heat, generated in one comer of 
the furnace on ordinary fire-bars, passes through and around the 
chamber to be heated Furnaces of this kind are built of brickwork, 
with a lining of fire-brick, and are encased in iron and held together 
by outside tie-rods against the heat-expansion, which would other- 
Fire-bricks, wise crack or break them. The brickwork may with advantage be 
See page 3it. entirely of fire-bricks jointed with fire-clay, but often a lining of fire- 
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bricks is built within ordinary bricks. Roughly-made cast-iron plates iron casinir to 

. ... !. * bnck furnace. 

may be used as the outer casmg. Wrought-iron is sometimes preferred 

as being less fragile; but if cast-iron plates become broken, as is 

almost sure to happen eventually, they are still serviceable, if there 

be sufficient connections and bolts. Old boiler-plates with numerous 

perforations are also eflfective for the purpose* The ironwork for 

furnaces as just described, of the kind used in a locomotive factory 

or general engineering works for such purposes as tempering steel 

springs, heatmg wheel-tires and centres, or for heating scrap-iron for 

hammering, weighs from 8 to 20 tons, and costs from ;^8o to ;;^i5o weight and cost. 

according to the size and purpose required. Larger furnaces are 

needed for heating large masses of iron in those factories where 

powerful steam-hammers are employed. Small brickwork furnaces, 

similar in kind, are used instead of forges for heating rivets in a 

bridge or boiler factory where, as for a riveting-machine, many rivets 

have to be supplied quickly. 

Of the many miscellaneous tools used in a smithy — cranes, anvils, 
swage-blocks, swages, fullers, and haminers are the most important. 
Light wrought-iron cranes attached to the wall, or to the side of a 
furnace for lifting forgings from the fire to the anvil, cost from about 
J[^\2 for one lifting 5 cwt, to about J[,2o for one lifting 20 cwt ; 
while for lifting heavy forgings to and from a steam-hammer, more 
powerful and expensive cranes are required. Anvils for small 
forgings weigh from 2 to 3 cwt., and cost about ;£'5, but for an 
ordinary engineer's smithy the anvils weigh about 4 cwt., and cost 
about ;^8. Anvils are frequently fixed upon a block of timber, but 
sometimes on cast-iron stands weighing 2 to 3 cwt, costing from 
j^*! to ;^2. Swage-blocks are made of cast-iron, are generally rect- 
angular, are perforated with variously shaped holes, and have grooves 
on the sides by which the smith is assisted in hammering and twist- 
ing the iron he is forging ; and the blocks serve also 'sometimes to 
hold loose swages or dies. These blocks weigh from 2 to 6 cwt., 
they may be supported on a wooden block, or on a cast-iron stool 
like an anvil block, and they cost from J[^2 to £,^ 

Among the loose tools in a smithy, iron hammers with steel faces 
cost about 7d. per lb., and steel about i2d. per lb. Swages are made of 
wrought-iron or steel, and are made convex or concave in a variety of 
shapes. These, as well as the tongs and cutting-sets, a good smith will 
often prefer to make for himself; but in establishing a new factory — 
especially in a foreign country where there are not smiths skilled 
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enough to make such tools — it is usual to purchase them. Iron 
tools cost about 6d. per lb.; steel tools i2d. per lb.; and those of 
iron and steel combined, 9d. per lb. 

Portable forges are made in various ways, and in all it is endea- 
voured to obtain the maximum capacity with the smallest weight and 
size. The majority of small forges have leathern bellows — square or 
round, according to the shape of the forge — worked by a hand-lever 
or by a foot-treadle. The bellows is generally made double-acting, 
so as to emit a blast during both the up and down movement, the 
current of air to the fire being thus almost continuous. Light sheet- 
iron forges thus equipped with bellows cost from;^5 tO;£'8. They 
are known as "deck of riveting forges," and are generally used by 
ship-builders, bridge-makers, boiler-makers and gas-holder makers, for 
heating rivets, and they can easily be carried from place to place. 
Such forges, as generally made, are cheap and fragile, and do not 
last long. As the bellows affords only a small blast, attempts have 
been made in various ways to apply the fan or blower. As it is 
essential that a fan shall revolve at a high speed, quickly-running 
belts, pitch-chains, or toothed wheels are necessary, which, incon- 
venient at all times, are especially unsuitable and liable to damage 
in a portable forge. The blower has, however, been Successfully 
applied, and forges so equipped form permanent and efficient tools, 
suitable not only for heating rivets, but for ordinary smith's work in 
factories where forgings of moderate size and thickness are made, 
and where there is no blast from a fixed blower available. These 
forges are serviceable in the engine-rooms of steam-ships, for work- 
shops on upper floors, and in all places wh^re a large or brick-built 
hearth is inconvenient. The forges are made either of cast-iron, 
or of a combination of cast, malleable-cast, and wrought-iron, and 
the best of them are ingeniously contrived so as to allow, in a small 
space, forgings of considerable size to be brought to welding heat in 
a short time. The forges range in price from £fi to £,\(>y and weigh 
from I to 6 cwt, the larger size being capable of producing a welding 
heat in a bar 2 J in. diameter in five minutes. In remote places, 
where occasionally forgings beyond the capacity of a portable foi]ge 
have to be made, a temporary brick hearth can be built, a blower 
complete on a stand with hand-gear being alone imported. For the 
military train or artillery service of an army, portable forges are specially 
contrived to resist fracture, and to fold up into small space for carriage 
on the pack-saddle or baggage-wagon. 
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Steam- Hammers are conspicuous among the numerous inventions, 
the outcome of the steam-engine, by which the ruder operations of 
the workman are performed by mechanical force. In the smithy of 
an engineering factory, before the invention of the steam-hammer, 
almost the only means of forging iron in pieces larger and heavier than 
usual was to increase the number of men wielding striking-hammers. 
From two to six men would be employed, so as, by striking in turn, to 
givea continuous succession of blows. Strong and skilful as these work- 
men became, they could at most only wield hammers of about 20 lbs. 
each, and the blows fell with feeble effect on the masses of iron with 
which they dealt "Where such were the only means available, the 
iron had to be heated several times \ the outlay for fuel was therefore 
great ; the strikers were idle between the heats; welding of large or 
heavy pieces was imperfectly performed ; and as the size of forgings 
was limited by the force available, cast-iron or timber had often to be 
employed in structures or machinery, where fdrged wrought-iron 
would have been preferable. 

Various mechanical contrivances for aiding or cheapening the 
forging of iron were in use long before the introduction of steam- 
hammers, but such contrivances were unsuitable for miscellaneous 
smith's work. In the process of iron-making, various kinds of tilt or 
cam hammers, worked by steam or water power, were devised for 
compressing and hammering the " blooms" of iron before they were 
rolled into bars or plates. The power was applied to the lifting or 
tilting the hammer or tup, the useful work being performed by the 
falling weight, but the fall seldom exceeded 15 inches, and only 
about fifty blows at most could be given per minute. Moreover, no 
adjustment or regulating of the blows was possible, and it was diffi- 
cult to apply such hammers to any but simple processes of an accus- 
tomed kind. For small repetition work, such as the making of 
bolts, spikes, nails or rivets, small tilt hammers of various sorts were 
in use a hundred years ago, and are still employed by the numerous 
craftsmen and home workers in the hardware districts ; and in par- 
ticular trades there are often minor operations in a smithy where 
tools of this kind may be employed with advantage if steam is not 
readily obtainable, especially if power-shafting or water-power is 
available for working the tools. 

The first steam-hammers by Nasm)rth were single-acting, that is to 
say, the steam was employed only to lift the tup ; but heavier hammers 
and quicker blows were at once rendered possible. The special 
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and novel feature in these was the valve, by which the workman could^ 
by admitting steam below the piston, arrest the falling weight at any 
desired distance from the anvil, and by interposing what is in effect 
a cushion of steam, make the blow thus shortened at will also light 
or elastic. The single-acting hammer was soon improved by admit- 
ting steam*, above the piston, thus adding immensely to the force of 
the blow ; the power in this respect being indeed only limited by 
exigencies of transport, which determine the size and weight of the 
framing, and by the stability which can be given to the anvil and its 
foundations. These double-acting hammers at once revolutioriised the 
art of forging, increased the size of blooms, and consequently of bars 
and plates in the rolling-mill, cheapened most kinds of smith's work, 
and rendered possible the manufacture of the enormous engine^hafts, 
rudder-posts, armour-plates, guns and other articles, where large 
masses of wrought-iron have to be dealt with. Single-acting hammers 
are quite obsolete in most engineering factories, but they are still 
preferred in some cases for use as large-size heavy forge-hammers, 
when rapid striking is not required. They are less liable than double- 
acting hammers to break down. 

The single-frame hammer is the most convenient for smith's work, 
as it affords the maximum space within which the forging may be 
moved. The workman can stand either in front or at the side, as the 
shape of the forging or the nature of the work requires, the regu- 
lating handles being accessible from either position. The greSiter 
the distance A, the more space is there for the articles dealt with, 
and a blow can be struck or a welding effected at a greater distance 
from the edge of the article ; this being occasionally a great advan- 
tage. But it is obvious that the overhanging cylinder imposes severe 
strains on the framework or standard of the machine, which in this 
respect may be compared to a punching or drilling machine, where 
any increase in the depth of gap rapidly increases the strains on the 
frame-work. Hammers of this type suitable for moderate-sized forgings, 
are rated at from i cwt. to 10 cwt ; have cylinders ranging from 
4 in. to 12 in. diameter; weigh from i to 8 tons (including anvil- 
blocks) ; and cost from jQ$o to ;^2oo. They are occasionally made 
with cylinders; as large as 15 in. diameter, and are rated to 20 cwt.; 
they then weigh up to 17 tons, and cost about ;;^3oo; but beyond 
the usual limit pf 12 in., the single standard or support, to be of 
sufficient strength, is cumbrous and inconvenient, and the double 
support becomes necessary. 
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It will be seen that this form of machine affords a greatly in- 
creased capacity, and, as already stated, the limit of size is determined 
by such circumstances as the stability of foundations to receive 
the shock, and the carriage of heavy pieces from the manufactory, 
rather than by any difficulty iu making the hammer itself sufficiently 
strong. But the cost of such machines increases rapidly with the 
size, and especially with the width, which, however, may be often ad- 
vantageously made large at extra expense. Hammers of this kind 
are seldom made with cylinders of less than lo in. diameter, with a 
rating of 7 cwt, a machine of such a size weighing about 6 tons 
including anvil-block, and costing about ;^i5o. In an engineer's 
factory, a hammer with a 15-in. cylinder, rated at 20 cwt., costing 
about j£^3oo, is seldom exceeded; and if, to save carriage to a 
foreign country, the anril-block or base-plate be omitted, the price 
would be about ;£^2oo. Occasionally 50-cwt. hammers are used for 
making large crank-axles, although in many cases where large 
forgings are only occasionally wanted, it is better, instead of at- 
tempting to make them, to purchase them from those who con- 
fine themselves to the manufacture of heavy forgings. It is in iron 
or steel works that the larger steam-hammers are needed. For 
shingling iron blooms, a process preparatory to that of the rolling- 
mill, hammers with cylinders of about 19 in. and rated at not less 
than 50 cwt. are usual ; such a hammer costing about ;^6oo ; while 
for hammering steel ingots into blooms of a size usual in an English 
steel-rail factory, a 100 cwt. hammer, with a cylinder not less than 
28 ia, would be required, costing about ;^i,2oo, or ;^soo less if the 
anvil-block or base-plate be omitted. From this size upwards, ham- 
mers are generally made specially for the purpose in view, the heaviest 
being those used in the manufacture of armour-plates and big guns. 
Some of these hammers are rated at 80 tons, and cost, with anvil, 
boilers, and other appurtenances, ;£^6,ooo and upwards. In sonie 
iron and steel works hammering is entirely avoided, steel ingots 
and blooms being reduced by rolling, and iron blooms being passed 
through revolving squeezers, which effectually rid them of cinder. But 
some engineers still prefer iron or steel which has been hammered. 

Steam-hammers are (i88o) generally rated according to the 
weight of the falling tup, including that of the piston and rod, which 
of course add to the effect ; but it is obvious that the mere dead 
weight of the falling parts gives an entirely inadequate idea of the 
force of the blow, which depends, not only on the velocity arising 
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from the depth of the fall, but, in double-acting hammers, on the 
steam-pressure on the piston. There is no established standard or 
measure by which to rate the real force or effect of a steam-hammer. 
If the impact of a sledge or striking hammer of given weight wielded 
by a workman could be calculated • or measured, it, as affording 
accustomed results, might form an useful unit by which the power of 
a steam-hammer could be rated, but as no such standard has been 
set up, purchasers of steam-hammers have to calculate for themselves 
the force at their disposal, or to rest content with the assurances of the 
makers, or to judge by observation of the effect of similar hammers. 
The force of a steam-hammer can, however, be approximately 
measured in a way which would allow a comparison of different sizes 
and kinds. If a certain pressure of steam be assumed, then the 
force on the piston added to the weight of the falling parts and mul- 
tiplied by the length of the stroke in feet will give the data by which 
the growing velocity and ultimate force in foot-lbs. or foot-tons may 
be calculated. For instance, if what is known as a 50-cwt. hammer 
(the falling parts weighing 50 cwt.) have a piston 20 in. diameter, and 
a stroke of 4 ft., then if steam equal to a pressure of 50 lbs. per square 
inch be employed and maintained till the end of the stroke, the blow 
on the anvil would equal about 38 foot-tons ; that is, it would, if 
striking on one end of a lever, raise 38 tons i foot high on the other. Of 
this force only about one-fourth would be due to that weight of falling 
parts by which hammers are nominally rated. Or, to take a smaller 
example, a hammer with moving parts weighing 5 cwt, with a piston 
9 in. diameter, a stroke of 21 in. and 50 lbs. of steam, would give 
a force of about 2\ foot-tons on the anvil. These theoretical results 
have, however, to be qualified in several ways. First, the friction of 
the moving parts must be deducted, but this is very small, and may 
almost be disregarded. Then it is hardly possible to so adjust the valves 
that the steam will exert its full pressure on the piston absolutely 
at the beginning of the stroke, and the velocity at the end may 
therefore be slightly less than that calculated. Further, as the iron 
to be forged interposes between the anvil and the tup, the stroke is 
reduced, and the velocity and force of blow rendered less than with a 
full stroke. But even with these deductions, it might be convenient, 
as a means of comparison, to rate hammers according to the maximum 
gross force of blow which they can give on the anvil, leaving the 
user to diminish as he pleases the actual force, either by limiting the 
stroke, or by cushioning the blow by means of the steam-valve. 
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There are four kinds of blows which can be given by a double- 
acting $team-hammer : ist, the single-acting blow by which the steam 
is only admitted for the upward stroke, the work being performed by 
the falling weight 3 andly, the above method controlled or cushioned 
by the admission of steam beloiy the piston as it fallss srdly, the 
pressure-blow with steam above the piston, but cushioned as in the 
second method; and 4thly, the *'dead blow,*' by w^ich the full 
pressure of the steam is applied above the piston during the whole 
stroke, and also after the tup has fallen, so that it not only descends 
with its greatest force, but remains ^s a squeezer on the forging. The 
action of the hammer in these respects is entirely controlled by the 
valve-lever, and by one man, who soon becomes able to regulate the 
blows with the greatest nicety to the purpose in view. In the 
largest machines the workman stands on a sm^l platform affixed to 
the side of the framing, and in smaller machines on the floor of the 
smithy. In all but the smaller-sized hammers, there is a driver who 
works the valve-lever of the machine, under the orders of the 
hammer-man, who guides and controls the forging. But in the 
smaller machines and steam-stamps the hammer-map is himself able, 
by a treadle-lever, to work the valve with his foot. Such a method, 
which economises .the cost of labour, is commonly adopted for 
light forgings, such as files, cutleiy, and bolts. The number of blows 
per minute ranges from 50 per minute with the largest hammers 
and the heaviest forgings, to 300 and 400* per minute in hammers and 
stamps of small size. 

The weight or power of hammer that is best for any particular 
operation depends almost entirely on the massiveness of the piece of 
iron to be treated, for though numerous light blows may express the 
same ^^regate force as a few powerful blows, the result is entirdy 
different Light blows take efifect only on the p^ immediately 
presented to them, while a heavy blow is felt by the m^ss. Thus, if 
a forging a, be presented to a light hammer, the effect will be as at b, 
while if struck by a heavy hammer the efifect will be as at a In 
this respect the difference between hand and niachine-riveting or 
between mammal and machine pile-driving afford analogous cases. 

The concussion to which a steam-hammer is subjected, tends in 
time to loosen the parts, and when oi^ice they are out of true 
line, they will break if further work is attenjpted. To resist these 
loosening strains, the cylinder and piston-guides ipust be strongly and 
exactly fitted, and it is yery important that the bed-plate be massive 



Steam-hammers 

give four kinds 

of blows. 



Enumerated. 



Blows, how 
controlled. 



Small hammers 

worked by one 

man. 



Number of blows 
per minute. 



D 



Z79 

€USQ PiLB-DKIVBRS. 

Concussion 

loosens 

hammer-framing. 



Massive bed-plate 
necessary. 



350 



Mathesoiis Aid Book, 



[Chap. XXIV. 



Accurate fitting. 



Piston-rods. 



Manufacture of 

steam-hammers 

a specialty. 

Shape and sixe, 
how determined. 



For repetition 
work. 



For miscellaneous 
work. 




x8o 
Stamp-hammer. 

Boilers for 
steam-hammers. 



Capacity, how 
determined. 



Boiler must be as 

lari^e as for an 

engine. 



and well fitted upon the foundation ; and in large hammers, where it 
is necessary to make the bed-plate in several pieces, they should be 
so closely fitted and held together by bolts or keys that they cannot 
be shaken loose. The standards or firaming should be accurately 
fixed upon the bed-plate, and the cylinder and piston-guides placed 
exactly perpendicular, and attached in the closest and tightest 
manner. By constant percussion, the piston-rod and tup become 
crystallized, and these parts have periodically to be renewed. 

Since the main principles of the single and double-acting hammers 
were adopted, the manufacture of such machines has become a 
specialty, and a great variety of shapes and sizes have been devised 
for special trades and purposes. The shape or kind of steam-hammer 
is determined by the purpose to which it is to be applied ; first, in 
regard to the mass or weight of iron to be dealt with, — the strength 
of the framing and area of the piston being so decided ; secondly, 
by the form and dimensions of the forgings, which render a certain 
shape of machine preferable or necessary. Where the hammer is to 
be applied to articles of a repetition kind, as is often the"* case in 
special trades, the machine may be made to accord very exactly 
with its work ; but where, as in an engineer's factory, miscellaneous 
articles have to be forged, then, in order to admit them, more latitude 
must be left in regard to the shape, size, and situation of the machine. 

Stamp-hammers of a special kind are used for forging small articles 
in dies. These stamps are compact in shape, have cylinders ranging 
in size from 5 in. to 15 in., and cost from ;^6o to ;;^3oo. 

It is impossible to enumerate the great variety in detail of 
machines made according to the foregoing plans, the differences 
being sometimes only in regard to the pattern or arrangement of the 
parts, and sometimes in regard to the valve-gear 

The size or capacity of boiler required for a steam-hammer depends 
mainly, as in a steam-engine, on the diameter and stroke of piston, 
the degree of expansion or cut-off adopted, and the average number 
of strokes per minute The latter circumstance is of importance, 
because while in a steam-engine the boiler must be of a size able to 
generate steam for continuous working, there must almost always in 
the working of a steam-hammer be intervals of rest, during which 
steam is being generated in the boiler. 

But, on the other hand, a hammer generally consumes more steam 
than an engine in the same time, as the steam is seldom cut off to 
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work so expansively, and the strokes of the hammer are often more 
rapid Moreover, the hammer-valve is opened and shut so suddenly 
as to render the boiler more liable than an engine-boiler to priming. 
For these reasons, and the advisability of having always ample power 
at command for heavy forgings or those requiring long hammering at 
one heat, boiler power less than that for a non-condensing engine of 
similar cylinder-capacity should not be adopted without full con- 
sideration of the circumstances. 

The anvil has to be fixed with great care under a steam-hammer, so 
as to receive the blows fairly and in a right line. Sufficient weight 
and solidity to absorb the blows are afforded by heavy anvils, and in 
the larger machines elaborate and costly foundations are necessary. 
Stone or large masses of concrete are used as a basis, but generally 
timber is placed immediately below the anvil base-plate to afford 
some elasticity to the blow ; this plan reducing greatly the destruc- 
tive eflfect of the blows, both on the anvil and the foundation beneath 
it The timber (oak or pine are usual kinds) is laid horizontally, as 
there is little elasticity in vertical baulks, but sometimes where the 
ground is loose, piles are driven to make a solid foundation below. 
The timber is carefully adzed or planed to afford a true bearing for 
the anviL Special machines have been devised for planing the bed- 
plates after they are fixed ; and in the case of the larger hammers, 
temporary furnaces have even occasionally been erected at or near 
the hammer, so that the anvil and base-plate, too large to be 
transported, may be cast in situ. 

The principal points to notice in comparing prices of steam- 
hammers are the diameter and stroke of the cylinder, the actual 
dead weight of the falling parts (the ratmg of different makers may 
not be on the same basis in this respect) \ the accuracy of the fitting 
in all the jointed parts; whether the bottom of the framing is planed 
where it fits upon the base-plate; whether the base-plate is itself 
planed; and the material of which the tup or hammer is made. 
Wrought-iron or steel is best, but cast-iron has often to be used for 
hammers rated above 20 cwt. because of the expense. In small 
hammers the endurance depends also on whether there are slides 
or guides to the hammer-head, whether the anvil is separate firom 
the framing, and is machined to fit exactly into the base-plate. 

Hammers made too cheaply are often defective in some of the 
above points, and their rapid deterioration far more than outweighs 
any saving in first cost Cheapness is sometimes obtained in small 
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hammers by casting the framing and anvil-block in one piece \ and 
sometimes also by making the cylinder and the framing in one piece, 
without any guides for the piston-rod. 

In a description of steam-hammers, reference may be made to 

forging-machines driven by wheels or belts. Such machines consist 

generally of a series of stamps worked by cams or eccentrics, and 

capable of giving from 500 to 800 blows per minute. In the making 

For light forgings. of small light forgings, such as those for fire-arms, machines of this 

sort are very useful for reducing rapidly the size of the pieces of iron 
presented to them. In other cases small forgings are shaped in dies 
by a few blows from a falling tup, which is lifted by a power-pulley to 
a height and at a speed determined by the workman, who pulb a 
lever for each blow. 

The shape of the various stamps can be varied, so that the smith 
has in effect a variety of tools to work with ; or by placing the 
forging below each stamp in turn, it may be brought down to the 
required size. Machines of this sort range in price from ;£ioo to 
;£'2oo, and require about one-horse power to work them. 
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The most appropriate steam-hammer for any particular purpose 
can be designed or chosen only on the basis of the following infor- 
mation. 

1. The nature of the trade and the average and maximum size 
and weight of the forgings to be made. If the forgings are, in regard 
to shape and size, to be constantly alike, a hammer may be specially 
designed to suit them. 

2. A plan of the smithy showing the doors and windows, the 
various hearths, furnaces, cranes, and other accessories, or the places 
available for them ; also the capacity and position of the boiler for sup- 
plying the hammer with steam, or the direction from which the steam- 
pipe will be brought If it is difficult or inconvenient to have steam 
boilers, the hammer can be worked by compressed air brought a 
considerable distance from an air-compressor, which may be worked 
as well by water as by steam. Not only a plan but a vertical section 

Height of amithy. of the Smithy should be supplied, showing the height available. It is 

obvious that information on these points is needed, to allow of the 
valve levers being put in the most convenient places ; and to afford 
the most convenient access for forgings and for the erection of the 
necessary cranes. 
Foundations. 3. The nature of the foundations on which the hammer and 
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anvil are to rest, or' of the soil upon" which a foundation is to be 
no^de, and the solidity of the walls of the smithy and neighbouring 
walls to resist concussion. If there is no suitable stone in the neigh- 
bourhood, the expediency of sending with the hammer cement for 
making concrete, should be considered. 

4. The facilities for transport, aiid the maximum size and weight 
of the pieces that can be carried to the site. 

5. The likelihood of objection to the hammer on the score of 
nuisance. The noise and concussion may be minimised, but the 
working of large steam-hammers is sometimes entirely prohibited in 
the central parts of large cities. 



See ^ge 35 1* 
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Circular saws for cutting hot bars of iron are often useful in circular saws for 

.... cuttmg iron or 

engmeenng factories, though they are made prmcipally for rail and •tcei. 

bar-iroii rolling-mills. The saws are of high-quality steel, about 30 
in. diameter, and run at a velocity of from 1,200 to 1,500 revolutions 
per minute. In some cases the bars to be cut are moved against the 
saw; iii others, the framing which carries the saw is swivelled and the 
revolving saw moves forward against the bar. 
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Hydraulic smithingrmachines are better suited than steam-hammers Hydraulic 
to some of the processes of fashioning wrought-iron into ^hape while machines, 
hot, the steady pressure of a hydraulic ram having an effect quite 
unlike that of the percussion of a steam-hammer on an anvil ; and by 
applying the hydraulic force through the medium of an accumulator, 
an instantaneous action is obtained which pumps alone would not 
afford. Forgings of awkward shape, expensive to make on the anvil, Examples of use. 
may be pressed with advantage; and besides these the flanging of 
the end plates of boilers and the bending of T o^^ L iron stiffeners 
for girders or ships' frames, exemplify the kind of work to which 
the hydraulic press is applied in a smithy ; and by means of dies or 
swages the same press can be adapted to a great variety of shapes. 
As with a working pressure of 2,000 lbs. to the square inch a ram Working pressure, 
of 9 in. diameter will exert a force of 50 tons, it is obvious to what 
important uses such power can be applied. A machine of moderate 
dimensions exerts with the above-mentioned pressure a great force, 
and the pressure, though much higher than that adopted for certain 
purposes (700 lbs. is usual for hydraulic cranes), is free from the in- 
conveniences which often attend in other hydraulic machines the use 
of still higher pressure. A 50-ton press with a stroke of i ft., complete 
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dies or swages, costs about £,^00. If the pressing operation is only 
performed thirty times per hour, an engine of 3-horse power would 
suffice for pumping, or that amount of power would be abstracted 
from a line of shafting running for general purposes. Hydraulic 
presses may be used in combination with the steam-hammer, giving 
the final and exact shape to forgings hammered approximately into 
form, or may be used for "upsetting" a forging which is afterwards 
finished under the ste^n-hammer. This combination of methods is 
well exemplified in the manufacture of links or "eye-bars'' for bridges, 
more usual in America than in England. 

For some of the purposes to which hydraulic smithing-dies are 
applied a slow squeezing motion is the best, and such machines have 
generally been worked by pumps without the medium of an accumu- 
lator. There is the disadvantage in this plan that small pieces of 
iron (less than 30 lbs. weight) cool too soon and cannot be treated 
successfully, while if an accumulator were used, the operation is 
completed before the iron cools. But for forging small pieces in 
dies small power-hammeis are generally preferable. 
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\See also The Establishment of Factories : The Transmission 
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CHAPTER XXV. 

CRANES. STEAM CRANES. HYDRAULIC CRANES. 

Public works and the 
transport of merchan- 
dise on the scale of the 
present day are only 
rendered possible by the 
cranes which are avail- 
able ; and their manu- 
facture ranks with that 
of machine-tools as one 
of the principal trades 
on which engineers de- 
pend. The catalogues of manufacturers sufficiently enumerate the 
various kinds of cranes that are made for ordinary purposes and for 
moderate weights ; but the diversity which affords so wide a choice 
to the engineer is, in itself, often a cause of difficulty for want of 
some analysis of the different methods employed, and of the special 
circumstances which, in particular cases, make one kind rather than 
another applicable. 

The various lifting apparatus included in the generic appellation 
of Cranes may for convenience be first divided into three principal 
categories, as — 

1. Derricks and sheers. ' 

2. Jib cnnes. 

3. Overhead cranes and travelling gantries. 

Even these broad distinctions— though embracing the great majority 
of hoisting apparatus— are insufficient, for there are hybrid cranes 
which come partly within each ; and there is also the necessary 
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classification according to the motive power, manual, steam, or 
hydraulic. Moreover, cranes of whatever kind, if for lifting weights 
over 20 tons, need separate consideration, as also do portable as 
distinct from fixed cranes. 

The simple Derrick^ which is the most primitive kind of hoisting 
apparatus, may be considered rather as a substitute than as in itself 
a crane, and it is seldom used except for such temporary work as the 
lifting into place of girders or roofs. And although for such purposes, 
the weights lifted seldom exceed lo tons, weights as heavy as 50 
tons may be lifted by one derrick-mast or baulk of timber, if occa- 
sion requires it The use of the single derrick is greatly limited by 
the necessity of keeping it nearly vertical, a condition which, indeed, 
puts it outside a strict category of cranes. The ordinary derrick is 
g. spar or mast, square timbers being employed only where a round 
mast cannot be conveniently obtained. A fir scaffold-pole suffices 
for light weights and moderate lifts ; a bundle of such poles is 
often lashed together to form a longer or stronger derrick than a 
single one affords; but it is always better to have one strong mast 
than such a compound substitute. 

While the load is supported by the mast or pole, the stability of 
the apparatus depends entirely on the guy-ropes, of which there must 
be at least three. The hoisting power is obtained from a crab or 
winch, which for safety to the workmen, should be at a distance ot 
not less than the length of the derrick, and the chain from the winch- 
barrel is taken through a snatch-block at the foot of the derrick to a 
set of sheave-blocks at the top^ the power being multiplied and the 
^peed of lift diminished in the usual way according to the number 
of pulleys. A derrick is often used in the erection of structures 
because of its portability, and while it is movable, the winch may 
be kept stationary, the chain being led in various directions by pulleys 
and snatch-blocks. An ordinary hoisting-crab or winch for working 
by- hand costs from jQ$ to ;^2o, according to its power, but if 
equipped with a steam-engine, from £60 to ;^ 100, and if with a 
boiler also, the prices range from ;^ 100 upwards. 

When two poles or masts are used, the name of Sheers is generally 
substituted for that of derrick ; two guy-ropes only are needed ; the 
sheers may be inclined ; and by altering the inclination they may 
serve, to some extent, the part of a moving jib or wharf-crane in 
transferring goods which are being hoisted, thus bringing the apparatus 
within the definition of a crane. As the sheers have lateral stability^ 
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one giiy-rope before and cine behind suffice, but i^, ts at the end of 
a jetty, there is no place for a forward guy-rope, then a pole must be 
substituted for the hinder guy-rope. Sheers of this sort are some- 
times preferred to fixed cranes where hoisting has seldom to fa^ 
performed, because the apparatus is cheaper and can be more 
easily removed than a crane. Except for the simplest cases and for 
very small weights, the winch gear is entirely separate from the 
sheers. For there is not much room on the sheer legs for a barrel or 
drum of proper size, and a small barrel is to be avoided if possible. 

Derrick-poles and sheers are generally made by the user from the 
most suitable timber obtainable in the locality, the winch, chain, 
snatch-block, and set of sheave-bTocks, which complete the apparatiis, 
being separate articles to be purchased. The best pieces of timber 
are generally selected for derrick-poles, and the price rapidly ad- 
vances with their size, so that when a mast 25 ft long could in 
England be purchased for 2s. per cubic foot, one 50 ft long would 
probably cost 3s., and one 70 ft long 4s. per cubic foot 

The principle of the derrick and sheers has been elaborated in 
various ways and adopted for different kinds of permanent cranes. 
Lofty sheers for the masting of vessels are a notable example, as also 
are those (generally formed of three masts) used at docks for hoisting 
pieces or packages weighing more than 20 tons into ships. In these 
masts the cranes are generally made of hollow wrought-iron, and are 
hinged at the foot, so that the inclination can be so altered as to 
transfer the load from a ship's hold to the landing-quay. This can 
be performed by pulling back the foot of the hinder mast by a hori- 
zontal screw moved by a steam-engine, or, where there is not suffi- 
cient ground space available for the horizontal method, by pulling 
the foot of the hinder mast down below the ground level, as into a 
well. But as by neither of these methods is the hinder member of 
the derrick pulled directly in the deisired line, a third method has 
also been adopted, by which the puUing-back force is better applied. 
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The great majority of cranes are those with projecting jibs, the 
name of crane, indeed, originally having been given to apparatus of 
this kind. The various types now in use may be best described by 
classifying them according to the method of giving stability to the 
jib. On this depends, to a large extent, the general construction of 
the cranes \ ind as the choice of crane depends mainly on the local 
circumstances which may make one method rather than another pro- 
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fitable or convenient, it is one of the^ leading points to be considered. 
Assuming that the vertical post of a crane has a bottom pivot on 
which to rest and turn, the stability to withstand the leverage of the 
jib when pulled downwards by a load is obtained either — 

{a) By continuing the vertical post to a pivot a, so low down that 

*it can, as one end of a lever a, b, c, working on the fulcrum b, 

withstand the downward pull at d. The post may either revolve on 

its pivot, or, as is more usual, the lower part of the post may be fixed, 

and the crane made to turn on it (Fig. 191), 

(b) By holding the vertical post at an upper pivot e as well as at 
the lower pivot F, the loaded jib being then supported like the end 
of a cantilever bracket. 

{c) By anchoring back the top of the vertical post either by means 
of a rigid backstay g to some independent structure, such as a wall, 
or to the ground, or to the base of the crane itself, so elongated as 
to afford a sufficient angle ; or, if the distance be too great, or no 
convenient support for a rigid backstay be available, by means of 
wire ropes. 

{d) By balancing the jib and its load by a weight w behind the 
vertical post, this method of counterpoise being often combined with 
methods a and c. 

The advantages and drawbacks of the above methods may be further 
elucidated as follows : — The plan {a) of continuing the crane-post or 
the pivot on it which turns to a bearing below the ground is suitable for 
permanent wharf-cranes where no overhead support is available, the 
expense of the foundation being justified by the unobstructed space 
which is left at and above the ground-level. The depth of post which 
will suffice depends on the weight to be lifted. Thus, for weights 
up to 3 tons, sufficient stability may be obtained from one pivot rest- 
ing on and revolving in a wide-base plate on the ground-level. A 
crane of this sort costs from ;^5o t0;£^ioo. But for wharf-cranes of 
more than 3 tons capacity, the vertical post is generally taken down 
below ground to a depth of from 4 to 10 ft Such cranes cost from 
;^iao for 3 tons to ;£^5oo for one of 15 tons, but if fitted with steam- 
engine and boiler, these prices are more than doubled. 

In good solid ground, a pit may be excavated, and an iron casting 
for holding the pivot built into masonry or concrete. Or, on loose 
ground, piles may be driven, a space excavated within and enclosed 
with sheet-piling, and a solid mass of concrete filled in below and 
around the ironwork of Xhe crane. Or, groups of piles or cylinders 
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may be sunk, as in a bridge pier, and the pivot supported on cross- 
beams, which are sometimes then embedded in concrete. Occa- 
sionally, in difficult cases, such as in loose or marshy soil, the cost of 
foundations bears a high proportion to the cost of the crane, and 
renders the consideration of other kinds of cranes expedient. 

Where a crane is to be fixed on an iron landing-pier, a central 
cylinder may be braced to smaller surrounding cylinders or screw- 
piles and to the contiguous structure. It may be said generally that 
wharf-cranes are the most expensive kind of crane. 

ip) Cranes with a vertical post pivoted at the top as well as at the 
bottom are the cheapest kind when, as is usually the case, some 
existing structure is available for the upper support Thus, in a 
foundry the crane is pivoted at the top to one of the roof-beams, 
strengthened and stayed for the purpose; in a smithy, to the wall; and 
in a warehouse or engineer's workshop, either to a wall or to a roof- 
supporting column. In the latter case, the column may serve as the 
crane-post, the horizontal jib of the crane grasping the column at a 
recess or neck made for the purpose. This arrangement somewhat 
resembles that by which a radial drilling-machine revolves on a 
column. Cranes held at the top of the vertical post are more suit- 
able than any other kind for the horizontal jib which is necessary in 
a foundry or smithy to allow the moving carriage a from which the 
load is suspended to be traversed or '^racked" in and out — a most 
important and necessary operation where the crane is so employed. 
For, if a crane have a slanting jib, which is generally the case in 
classes tf, r, and d^ the radial distance of the load from the vertical 
post can only be altered by raising and lowering the jib — a method 
which, though sometimes appropriate and convenient in a wharf-crane, 
is quite unsuitable where the traversing must be exactly regulated 
without alteration in height In foundry-cranes the winch-gear and 
chain-barrel are attached to the vertical post, and hand-power is 
generally employed, although for lifting heavy weights a steam-engine 
can be attached or hydraulic power employed. Foundry-cranes are 
are often made of wood, and range in price from ;^too for a 4-ton 
crane to ;^2oo for a lo-ton crane. If made of iron, the cost ranges 
from ^200 for a 5-ton crane to ;^5oo for a 20-ton crane. 

In a smithy-crane, for weights up to 5 cwt., winch gear is seldom 
employed, hand-power being sufficiently multiplied by sheave-blocks 
suspended from the travelling-carriage. For large smithy-cranes — 
those, for instance, which are adjuncts to steam-hammers — the power 
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is generally brought from the outside, either from steam-driven winch- 
gear or hydraulic apparatus, and is led through guiding-pulleys to, 
and along, the horizontal jib. A similar plan is also usual for cranes 
of this class used in warehouses and workshops ; small water-engines 
or gas-engines being often employed as motors. Light "whip" 
cranes for lifting weights up to i^ tons are often niade on this plan. 

. {c) Stability of jib afforded by one or more stays anchored to a fixed 
structure or to an elongated base has the advantage of making the 
crane independent either of insertion in the ^ound on a solid 
foundation, as in method <7, or of an upper support, as in method b. 
Indeed in some cases rigid struts are avoided, and the space they 
occupy saved, the staying being entirely by iron or steel wire-ropes, 
and if points of attachment are available on every side, the jib may 
revolve freely. This plan is often adopted in America for cranes 
elevated on lofty staging, distant supports being then available for 
^he wire ropes. But in England, rigid struts or stays of timber are 
preferred, and the horizontal or inclined backstay niay be anchored 
to a tree or wall ; but as convenient points of this sort are not often 
available, it is more usual to anchor the back members to the base 
of the crane itself, prolonged for the purpose. Cranes of this sort 
are very useful on public works where a temporary hoisting appa- 
ratus is required, or one which can be moved from place to place; 
and they are also convenient where, from the loose nature of the 
ground, foundations would be difficult ; or where, as on a landing- 
jetty or elevated staging, there may be nothing above or below the 
platform for supporting the vertical posts. Subject to various modi- 
fications, the cranes are made with two, and sometimes three, hori^ 
zontal members framed together, and so extended as to afford points 
of anchorage for two inclined back members, e, f ; the upper pivot 
of the vertical post being thus stayed with a favourably wide angle 
at A. Such a crane has in itself sufficient stability for moderate 
weights ; but when heavy weights have to be lifted it is usual to 
increase the stability by loading the base members either by the 
weight of a steam-winch and boiler, or with stone or kentledge, or 
by tying them to the ground, additions of this kind bringing the 
crane into category d. The inclined jib is hinged at the heel c, so 
that by means of the back- chain b, which holds it to the vertical 
post, it can be raised or lowered to alter the radius. The lifting- 
power becomes greater as the point g is drawn back, and the pro- 
cess of lifting may be, and often is, p^utly performed by thus drawing 
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back the jib. As will be seen from the plan, a crane of this sort com- 
mands a radius of three-fourths of a circle; but in practice it is 
seldom eflfectual for more than two-thirds — a range wide enough for 
the majority of purposes ; and the design of the crane and the dis- 
position of the stays must be such as to afford sufficient stability for 
any position of the jib. . Cranes of this sort are often substituted with 
advantage for overhead travelling cranes or gantries, compared to 
which, they are — especially on elevated stagings — generally cheaper 
and more convenient. These cranes are extensively used, they com- 
mand a wide area, have a high lift, the radius can be varied, and the 
cranes are cheap. They have, however, the inconvenience — which 
sometimes prohibits their use — of occupying much space. The 
prices range from £,<^o for a i-ton crane with 25 ft. radius to ;^i4o 
for a 5-ton crane with 35 ft. radius. If an engine and boiler be 
added (which may be utilised as a balance-weight) the prices would 
range from ;£i8o to ;^45o. 

(i) Stability of jib afforded by a Balance-weighi is one of the com- 
monest methods, and is especially useful in a movable crane where 
no permanent anchorage is possible. The winch-gear is so placed 
that its weight is effectual, and in a steam-crane the weight of an 
engine and boiler, and sometimes also of a feed-water tank, is often 
added to make up the required stability. In stationary cranes the 
balance-weight may be permanently fixed, but where the crane is on 
a movable truck, as in a factory-yard or on a railway, the weight can 
be drawn inwards when travelling, and the jib lowered for passing 
under bridges or doorways. On a railway, of course, the width of 
gauge is established, and the crane-carriage must be arranged accord- 
ingly. As the length of the wheel-base is generally greater than the 
width, which is of course limited by the gauge, a crane stable 
enough when the jib is in a line with the rails may overbalance when 
projecting sideways, and anchorage to the rails may be necessary. 
But when the crane is thus attached, care nrnst be taken that the 
permanent-way be not disturbed, and, if necessary, the rails must be 
weighted. Even the standard, or 4 ft. Z^ in. gauge, is not sufficient 
for cranes lifting more than 3 tons, without any other support than 
their own width of base and weight allow. But sometimes cranes 
are wanted on the m^tre or 3 ft. 6 in. gauge, and such a width is 
insufficient even for the weight of the unloaded jib when projecting 
sideways, and the crane must be so propped or anchored during 
lifting as to be in effect a fixed or stationary crane. This is gene- 
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rally effected by means of two light projecting girders clipped to 
the crane carriage and packed or propped at the outer ends, the 
packing-pieces being so arranged as to be readily withdrawn when 
the crane has to be moved. When the rails have to be laid down 
specially for the crane, a width of 5 ft. should be provided for 
lifting weights of from 2 to 5 tons ; a width of from 8 to 10 ft. for 
weights of from 8 to 15 tons; 12 or 14 ft for weights between 
15 and 20 tons; and 16, 18, or even wider gauge for still heavier 
loads, although these gauges may be slightly narrowed if the full 
space is not available. 
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Jib-cranes are made either of wood or iron, and even in cranes 
otherwise of iron, the jib is frequently made of wood, which is well 
suited to the compression and side-strains to which it is subjected. 
In beginning to lift a heavy weight, the inertia to be overcome causes 
severe side-strains on the jib, which, though strong enough to sustain 
the suspended load, might be twisted sideways and broken. Wooden 
jibs have been generally preferred for cranes up to 2 tons ; between 
2 or 8 tons wood or iron has been used ; but for cranes of all sizes 
up to 8 tons iron is (1880) more frequently preferred than formerly. 
Beyond 8 tons any single piece of timber becomes too bulky, and 
for cranes between 8 and 15 tons it may be said to be now entirely 
discarded. But for very large cranes timber again becomes applic- 
able. To resist the side-strains, a wide or box section of jib is most 
effectual, and for heavy loads an ordinary H or girder section would 
not be sufficient, and it is generally found cheaper to frame the jib of 
timber than to dispose an iron framing in a suitable manner. 

The lifting power in a crane is generally obtained by ordinary 
winch-gear, which multiplies the original motive force by a train of 
toothed wheels. In small and simple cranes sin^e power is suffi- 
cient ; that is to say, there is one multiplication only, a small toothed 
wheel or pinion on the spindle to which the winch-handles are 
attached, working into a larger wheel on the shaft which carries the 
barrel This method is, for instance, sufficient where the power is 
afterwards multiplied by sheave-blocks, as in lifting by a derrick ; but 
for weights above 2 tons, double power in the crab becomes necessary, 
a simple movement changing the wheels from single to double gear, 
according to the weight to be lifted. Of course, for every multiplication, 
the speed becomes less, and it is only in the case of very large cranes 
that a third multi|dication is attempted, an increase in the original 
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motive power being generally preferred. And even in large cranes 
where treble gear is provided, it is reserved for heavy loads, and the 
single or double gear is ordinarily employed. Sometimes the power 
is multiplied by passing the cham, after it leaves the jib, through 
single, double, or treble sheave-blocks; but this method, though 
oflen necessary, has the disadvantage of increasing the length of 
chain to be wrapped round the barrel, and therefore rendering 
necessary two or more laps of chain, which is undesirable. 

It is important that the barrel should be of ample size, primarily 
because a rope or chain winds most easily on a large drum, and (in 
the case of a chain) with less strain or surging in the links ; and, 
secondly, because it is desirable to have the drum so long and large 
that a single lap of the chain, repeated if need be all along the 
barrel, may afford sufficient length for the highest lifts. For as the 
drum is one of the train of wheels by which the motive power is 
multiplied, the alteration in its effective diameter, which takes place 
if a second lap of chain occurs, alters the proportion of the wheels. 
As the circumference of the barrel becomes greater, each revolution 
gives a gteater lift, and the motive power has to be proportionately 
increased. This is especially inconvenient in the case of hand-granes, 
where there is not the same reserve force as in a steam-crane, and 
where the increased resistance caused by a greater diameter must be 
neutralized, either by a slower and less effective exertion, or by 
bringing into play in the middle of the lifting operation, another and 
slower set of wheels. Sometimes the lapping of the chain on the 
barrel is avoided by passing it only once or twice round and then 
taking it away behind, as is done often on a capstan, or into a pit 
below the crane ; but as an iron chain on an iron barrel is apt to 
slip, the barrel must be tightly wrapped with rope to afford a grip for 
the chain, or made with projections to hold the links, as is done with 
pitch-chains. 

Of course, where the chain is but small — for instance, in cranes 
lifting about i ton — the lapping of a light chain will not materially 
affect the diameter of an ordinary-sized barrel ; but, as a rule, the 
apparatus is distinctly the better if the lapping can be avoided. 
Obviously also, much depends on the height of lift, which determines 
the length of chain ; but, if circumstances allow it, the condition of 
a single lap is often prescribed by engineers in their specifications 
for cranes, such. a stipulation, however, adding considerably to the 
cost of those of over 10 tons' capacity. 
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For lifting weights over 25 tons, numerous trains of wheels may be 
avoided by substituting screw and worm-wheels for the ordinary spur 
gear ; and worm-wheels have the advantage — which is useful some- 
times also for smaller cranes — of lessening the liability to slip or ruti 
down, and a weight can be lowered or adjusted with great nicety and 
Detached winch, safety. Another method of applying power is to detach the winch- 
gear from the crane altogether — a plan which allows the use of a lar^e 
winding-barrel and gear, affords more room round about the crane 
for attaching and detaching the load, and the further advantage of 
allowing the chain from the winch-barrel to be led away and used for 
a variety of purposes and at a considerable distance. On board ship 
the winch may thus conveniently be kept separate, and the chain be 
taken to hoisting-gear attached to the ship's yards; or with still 
more advantage in public works, where derricks or sheers may be 
moved from place to place or elevated on scaffolds, and the chain 
led through pulleys and snatch-blocks from a winch permanently 
fixed in a convenient place. 
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The expediency of substituting steam or other artificial power 
for hand-labour depends rather on the speed of hoist and frequency 
of the operatipn than on the weight to be lifted, for, if time be 
granted, the weights dealt with by the great majority of cranes can be 
lifted by hand-power. In comparing manual with other forces, it 
must be taken into account that two men can work more effectively 
and safely and do more work proportionately than one man, because 
there are certain dead points in each revolution of the winch-handles 
at which the force is not advantageously applied. In designing 
cranes it appears better, therefore, to take a^ a basis of calculation 
two men as the unit of force. The usual radius of the winch-handles 
is 16 in., making a circle of 32 in. diameter, or a circumference of 
about 100 in., and, allowing 30 revolutions per minute, the handles 
each travel 250 ft per minute. Assuming, further, that each man 
exerts during the whole revolution an average force of 30 lbs., or the 
two men 60 lbs.', and multiplying this by the 250 ft. travelled, a total 
of 15,000 foot- lbs. is exerted, or nearly \ horse-power. And it 
from this, one-third be deducted for friction of the crane itself, there 
remain about t 0,000 foot-lbs. as the nett result of two men per 
minute. This equals a load of i ton lifted about 4^ ft per minute, 
or 10 tons lifted about 5 in. But in applying such a calculation 
as the above, which is necessarily based on certain assumptions in 
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regard to the force applied to the handles, the number of revolu- 
tions, and the loss by friction, all of which are liable to variation, 
the special circumstances of each case must be taken into account. 
Strong men can exert much more than 30 lbs. if for a short and in- 
termittent load, while for continuous work, with few opportunities for 
resting, a less result must be reckoned. In England, 25 lbs. per man 
is generally prescribed as the basis for calculating crane-power in the 
Government dockyards, but for continuous work even this should 
be reduced. In regard to the friction, every additional train of 
wheels or mukipHcation of power increases it. . In powerful cranes 
the moving parts are heavy, and, after the highest skill has been used 
to design and make the parts in the most suitable manner, the force 
required to work them, even with no load suspended, is very great, 
three or even four men being required to work a 20-ton crane 
unloaded. Two men will suffice for loads of 5 tons, although it is 
usual to employ four men when the load exceeds 4 tons ; but when 
two men have thus to work at each handle, they are less conveniently 
placed for exerting themselves. It is very dangerous to have a crane 
under-manned. 

Steam-power has proved so effective and convenient for cranes 
that it is the exception to its use rather than the rule that needs 
justification. For lifting weights where, from the nature of the work 
or the infrequency of the operation, there is ample time to allow the 
men to work slowly and to rest frequently, hand-power is generally 
preferred. So also where continual adjustment is needed, as in a 
foundry-crane, hand-power is still generally employed. Or, even for a 
wharf-crane, if seldom employed, there may be no advantage in having 
steam-power, which might require the bringing of steam into cold 
pipes from a detached boiler, or the lighting of a fire in a contiguous 
boiler, and very often the keeping the engine in order by a skilled 
engine-driver. But where, as in a factory, the chain can be worked 
from some machine inside connected with a running engine, such 
power may be utilised with advantage. And, in very large cranes; 
the extra cost of a steam-engine may bear so slight a proportion to 
the total cost of the crane, and the operation, though' infrequently 
performed, may be so important, as fully to justify the cost and time 
of getting up steam. Another point to be considered in choosing 
between hand and steam-power is, that the former may necessitate an 
extra train of wheels to obtain the required force, and this extra train 
adds considerably to the friction, and therefore to. the unprofitable 
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expenditure. It is speed rather than power which renders steam so 
useful, and steam-engines are employed more often for small than for 
large cranes. Thus, in the loading or unloading of a ship, steam saves 
much time, and therefore much money. The expediency of having 
steam-power may be to a great extent determined by the proportion 
which the time occupied in the actual lifting bears to that occupied in 
the shackling or preparatory work, and the unshackling after the lifting 
is accomplished. For if fifteen minutes is occupied in shackling 
or arranging the sling chains, it is of little consequence whether the 
actual lifting occupy one minute by steam or ten minutes by hand;- 
but if the slinging and shackling occupy only one minute, then the 
speed of the steam-engine is profitably utilised. 

Steam-cranes are used to the greatest advantage, in public works for 
the rapid and continuous hoisting of excavated soil or of building 
materials, and at docks for hoisting cargo into and out of a ship's 
hold. The speed with which all the operations of hoisting and lower- 
ing the load, of altering the radius by elevating and lowering the jib 
and of slewing round are performed, is so enormously in excess of what 
any hand-crane could perform, as to amply repay the greater capital 
expenditure and the current expenses of coal, supervision, and main- 
tenance. The actual power is obtained much more cheaply by fuel 
force than by manual force, notwithstanding the fact that crane-engines 
burn more coal per effective horse-power than larger fixed engines. 
£xcept in special trades, most of the pieces or packages in a miscella- 
neous caigo are of moderate weight, and it may prove best to use light 
cranes which work easily and quickly, leaving heavy packages to be 
lifted by tackle from the ship's jrards or, if over five tons, by powerful 
wharf cranes, to which the ship can be moved for the purpose. A 
steam-crane with a radius of 15 ft., complete with boiler, and with gear 
so arranged that the hoisting, lowering, and slewing are all performed 
by steam-power, will cost from ;£'2 7o to ;;^32o for lifting a weight of 
i\ tons ; ;^35o to ;^45o for a weight of 3 tons ; and from £AtS^ 
to ;^6oo for a weight of s tons. If a crane is to revolve on a fixed 
base, the foundation-plates and bolts will cost about the same as a 
carris^e on wheels if the crane is to be made movable. If however 
the crane is to travel on a railway, the carriage and wheels must be 
stronger, and the necessary appurtenances of buffers and springs add 
from ;^2o to ;^5o to the cost. The power of a crane should be 
specified by the weight which can be safely lifted when the jib is pro- 
jected to the full radius. The parts of a crane are sometimes so 
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made as to allow heavier weights to be lifted when the jib is raised so 
as to reduce the radius. 

The small size of the engines and boilers, the quick speed and 
intermittent nature of the work all hinder an economical use of fuel ; 
and as the cost of coal generally bears but a small proportion to the 
work done (which is not to be measured by the mere foot-lbs. lifted, 
but by many secondary considerations), the endeavour is rather to 
construct the boiler so that it will generate steam quickly, and with a 
minimum of size supply sufficient steam for rapid working, than to 
obtain a minimum expenditure of fuel. Vertical boiler^ with cross 
tubes are the kind generally used. 

The work of a steam-crane or winch is one of the severest kind, 
and the sudden stoppages and reversings cause jerks and shocks upon 
all the working parts. The value and durability of the machine de- 
pend greatly on the quality of the material and workmanship, and 
cheapness, if obtained by inferiority in these respects, is ultimately very 
expensive. Steel, the best wrought-iron, and high-quality cast-iron 
are essential, and all moving joints should be case-hardened. Steel, 
gun-metal, or malleable cast-iron are often substituted with advantage 
for cast-iron in toothed wheels. 

For loading and discharging ships, the cranes must be movable, so 
as to take various positions to suit the hatchways of vessels; and 
to avoid obstruction to the quay and to lines of railway upon it, the 
crane may be elevated on a travelling stage through which the railway 
wagons can pass. Movability is even more necessary for cranes used 
on public works. Therefore, cranes so employed must be complete 
and self-contained on a travelling carriage with engine and boiler. 
For wharf and other fixed cranes it is oflen convenient to bring steam 
from some adjacent boiler, and only the engine is attached to the 
crane itself, and though this plan is most easily adopted for fixed 
cranes, steam-pipes can be arranged for movable cranes also. Some- 
times the plan of detaching the power is carried further, and the 
engine with its winch-gear and barrel is fixed in an adjacent building, 
and the chain brought to the crane through guiding-pulleys. This 
plan is often expedient in city warehouses or workshops, where 
steam-boilers, or even only an engine on the crane itself would 
involve risk and annoyance. In small cranes this plan is frequently 
adopted, the power from a constantly running drum near the crane 
being brought into action by fast and loose pulleys, or by a friction 
clutch, or other simple means. Where the boiler and its smoke are 
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alone objected to, the power is often conveniently obtained from a gas- 
engine or water-engine. On public works, detached winch-gear, as 
already described, is often preferred, and on board ships a steam- 
winch with projecting warping capstan is in this way used for raising 
the anchor, warping cables, and other purposes, as well as for hoist- 
ing ; but steam for such cranes is generally supplied from a detached 
boiler, or if in a steamer, from the engine-room. To afford equal and 
continuous power without a fly-wheel the engines for these winches 
are made with two cylinders, and with a link-motion for reversing. 
The cost of steam-winches of this kind ranges from about jQ%o for a 
winch with 5-in. cylinders for lifting 2 tons, to ;^ 130 for a winch 
with 8 -in. cylinders for lifting 5 tons. 

Compressed air is used for working cranes under certain circum- 
stances, as, for instance, in places far from the source of power and 
whither steam could not be conveniently conveyed, or in tunnels 
or mines, where steam would be unendurable. This method is 
especially useful where water-power is available for compressing the 
air, or where air-pipes provided for other purposes are available. 
But where a steam-engine has to be employed to compress the fdr, 
the cost of this extra transmutation of force is of course only justifiable 
when circumstances render the direct use of steam inconvenient or 
impossible. 
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any other kind would be costly, or inconvenient, or insufficient; and the 
facilities which water affords for transmuting, transmitting, distribut- 
ing, and concentrating power, are seen to their best advantage in the 
case of cranes worked by the " accumulator " system. Where hoisting 
has to be done quickly, mechanical power of some kind is necessary, 
but if steam be employed and have to be worked at long or irregular 
intervals, much expense is involved in maintaining, ready for action in 
each crane, steam-power sufficient for the maximum service that may 
be required ; and the useful or effective work done, bears but a small 
proportion to the power consumed, and to the expenses of super- 
vision. And if, to save the cost and inconvenience of having a boiler 
at each of numerous cranes, steam be brought in pipes from one 
boiler, the pipes become cold during each interval of waiting, there 
is waste and inconvenience from condensed steam, and if this 
method were adopted for numerous or widely distributed cranes, the 
aggregate length of steam-pipes would be an insuperable difficulty. 



Seepage 74. 



JPartII.] Hydraulic Cranes, 369 

The hydraulic system obviates all these objections. A pumping- Avoided by 

' '' . 1 1 J • hydraulic power. 

engine, of force equal to the average service constantly employed m 

raising the accumulator, stores up a power which can be drawn upon 

instantaneously by any crane which has been connected by pipes 

within a mile or more of the pumping-engine ; a crane, for instance, 

in some remote place, required only once a day or once a week, being 

as readily set to work as others. The loss of power in transmuting 

steam-power into hydraulic force, and in keeping a pumping-engine 

always in steam, is more than met by the conveniences afforded ; and 

stationary engines so employed can be worked with the minimum of p^ei consumption. 

fuel, 3 lbs. per indicated horse-power per hour as compared with see page i6t. 

10 lbs. in a steam ^crane, being a fair comparison. The system finds its 

best exemplification at railway goods-stations, where rapid work at ^gooda-auuoni!^ 

numerous cranes is required, but at irregular intervals ; or in factories 

where the accumulator system is utilised on a wide scale for working 

machine-tools. 

A steam-engine fixed in some convenient place is employed in ^SgiSe worts 
pumping up the accumulator load, which, pressing on the water many cranes, 
uniformly in all the lines of piping, keeps ready at each crane the ^^P^s' 

maximum force. The engine is arranged so as to stop pumping 
automatically when no power is being abstracted ; and if, on the other 
hand, at any particular moment, all or most of the cranes happen to 
be lifting simultaneously and more power is sought than the engine 
affords, there is only a brief delay till the engine accumulates the 
necessary force and supplies the demand upon it. And if there be 
only one or few cranes, or only occasional service required, there need 
be no special steam-engine if there be a line of shafting from which a ? ""*''*haftin'** 
small pump for the accumulator can be driven; or still further 
economy may be obtained if moderate but continuous -water-power 
be available for working the pump. Another advantage of the 
hydraulic . system is the great power which may be obtained in 
cylinders of small size, the ordinary pressure being so much greater pres^s^ure. 
than that usual in steam-engines. 

At each crane, the power is applied by means of a cylinder. Mode of working, 
moving-ram, and sheave-blocks, to which the chain is attached ; but 
instead of multiplying the power as is usual in a crane, the high- 
pressure water affords so much power that it can be diluted by means 
of sheave-blocks worked in the reverse way to the ordinary method. 
That is to say, a ram, with a stroke of 4 ft, pulling at a pair of three- Speed increased, 
sheave blocks, drags the chain which issues from the last pulley 
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24 ft, but, of course, with a power proportionately diminished. In a 
large terminal railway station, with numerous cranes for loading and 
discharging the trucks, cranes so worked are extremely convenient for 
weights of from 5 to 40 cwt., and can be managed by ordinary work- 
men, who have nothing to do with the motive power at a distance, 
but who can control the crane by pulling a lever. The high-pressure 
water can also be applied with advantage to small engines (three- 
cylinder engines are found most suitable) which, placed below the 
platform, give motion to capstans for shunting and marshaUing the 
wagons, as a rope passed a few times round the capstan can be 
instantaneously pulled with great force. 

A pressure of from 500 to 700 lbs. per inch has (1880) been adopted 
for hydraulic cranes as just described ; but the apparatus could be 
as well worked at 1,000 lbs., if occasion demanded, without involving 
the modifications in detail or special precautions which much higher 
hydraulic pressures would require. The distributing pipes for the 
hydraulic system are of cast-iron, of sufficient thickness to withstand 
the pressure, and united by strong Hanges and bolts. A ramification 
of such main pipes and branches, laid down in and about a railway 
station, or factory, or dock, allows of cranes 01 other machines being 
connected at any point at any time, if the main pipes are made large 
enough in the first instance to transmit the water required. 

The capital outlay for hydraulic cranes often forbids their adoption, 
especially in small undertakings, where the saving to be obtained in 
the current expense of working would be doubtful or not immediately 
apparent As the light cranes for unloading general merchandise 
are easily worked by hand, it is only at large or busy stations where 
many such cranes are required, that the expense is justified. The 
system has been widely adopted in England, because the enormous 
goods-traffic at the principal railway stations must be quickly moved. 
A complete establishment consists of steam-engine, with boilers, 
pumps, accumulator, and the necessary adjuncts of engine-house, 
boiler-house, and chimney ; cranes, each with a cylinder, ram, pulleys, 
and chains ; and the lines of pipes and valves. As a safeguard 
against stoppage, it is generally expedient to have duplicate engine, 
boilers, and pumps, which add considerably to the expenditure. Hy- 
draulic cranes of the kind usual at railway stations, with ram, pulle}'s 
and chain for lifting about 30 cwt., cost from ^100 to £is^ each, the 
e.Kact sum depending not so much on the hydraulic apparatus as on 
the projection of the jib, the height of the crane-post, and w^hether 
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the crane is made according to the method aox b (Figs. 185, 186). 
Method tf, in which the crane depends entirely on a lower pivot, and 
which is that usual on a wharf, is the dearer, method b being more often 
employed in warehouses, and sometimes in goods- stations, where 
overhead roof-beams are available for support and attachment The 
establishment of hydraulic cranes, including engines, buildings, and 
pumps, ranges at different railway stations from ;^4,ooo to ;^3o,ooo, 
a cost which is prohibitory in most private establishments. Where 
the service required is infrequent or of small extent, much of the 
expense of steam-engine and boiler may be avoided by the use of a 
gas-engine, with pump and small accumulator, which are set in motion 
only at the time when the machinery is needed. This method is, 
for instance, occasionally adopted for such intermittent service as the 
opening machinery of swing-bridges. 

The great convenience of having the accumulator system estab- 
lished in a dock for opening and shutting lock-gates and for ware- 
house hoists, as well as the objection to steam-cranes because of the 
risk of fire, has tended greatly to the adoption of hydraulic cranes 
also, and those of moderate lifting power have proved most suitable 
for miscellaneous cargo, the apparatus being arranged for high speed. 
As cranes of this sort must command the hatchway of a vessel, the 
radius of the jib must be greater than that of a railway goods- 
station crane, and must have a much greater height of lift and length 
of chain so as to raise cargo from the bottom of a ship's hold, and 
swing it clear of a railway wagon on the quay. And also as such a 
crane must be self-contained without upper support, it is necessarily 
more expensive than one of similar power attached to a roof beanu 
Ow^ing to the differences in the size of ships and in the position of 
hatchways, fixed cranes have proved inconvenient, but the other 
advantages of the hydraulic system lead to its adaptation to movable 
cranes rather than its abandonment. There are two different 
methods of effecting this. As only a limited range of movement 
is necessary to allow the crane to be placed opposite a ship's hatch- 
way, the pow^er-chain* can either be led through pulleys, from a 
fixed hydraulic ram in a contiguous building, or the hydraulic 
apparatus, being affixed to the crane in the ordinary manner, the 
water-pipes from the pressure-main can be so arranged with telescopic 
or swivelled joints as to allow the necessary movement of the crane. 
To afford sufficient stability to the overhanging jib, the crane carriage 
is best made with wheels for a wide gauge, a third line being laid 
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down on the ordinary railway trade, the base of the crane then being 
rather wider than shown in Fig. 203, and furnished with wheels. 
Fixed or movable cranes as above described, with a radius of 28 ft. 
from the centre post (about 23 ft. overhang from the quay), and 
for lifting 35 cwt., cost from ;^40o to ;£^5oo each. 

As movable cranes of this sort hinder the passage of goods- 
traffic on the edge of the quay, the system has been further 
elaborated by raising the crane carriage and making it wide enough 
to bridge over the railway on the quay, so as to allow hand- trucks to 
pass through. A crane of this sort requires a rail track of about 
lo-fL gauge and a jib radius of 30 or 32 ft. from the vertical post to* 
allow it to overhang the quay 23 ft, and such cranes are necessarily 
expensive, costing from;;^5oo to ;^7oo, but this expense is justified 
by the rapid transfer of cargo to or from railway wagons which the 
system allows. Portable machines of a smaller and cheaper kind 
can be utilised wherever hydraulic mains are laid down in a dock. 
These small machines (known as jiggers), have a ram with sheave- 
blocks arranged on the same principle as in a hydraulic crane, but 
without any crane-post or jib. The goods are lifted from the ship's 
yards, to which the chain is taken from the machine. The height 
is arranged to omit the depth of hold, the lift of the chain being 
multiplied not only by the sheave-blocks but by the differential 
diameter of the barrel A machine of this sort is easily propelled by 
hand and can be attached to a hydrant at any point along a dock or 
quay. They cost about ;^ioo each. 

While, however, cranes as just described are suitable for miscel- 
kmeous cargo, much stronger cranes are necessary at ports where 
heavy weights have constantly to be lifted. For instance, at some 
coal-shipping ports, loaded wagons of from 6 to 12 tons' weight are 
lifted and sw^ung round over the ship's hatchway. For hydraulic 
cranes of this sort (as is the case generally for large cranes) special 
designs are required, and no fixed designs or prices apply. 

The non-compressibility or want of expansive force in the water is 
a disadvantage in hydraulic cranes which has been already explained, 
as also the risk of stoppage from frost. 



Travelling-cranes. TravclHng-cranes and overhead gantries, though made in various 

ways, form a class of their own entirely outside the cranes just de- 
scribed, the main point of difference being that the weight is lifted 
by, and suspended from, a bridge or girder supported at both ends, 
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instead of from a single column, as in a derrick, or from an over- 
hanging jib in an ordinary swinging-crane. Full advantage is taken 
of the double support to extend the area commanded by the crane, 
the width ranging, according to circumstances, from 20 ft. to 70 ft. 

The fixed gallows or gantry is the rudimentary type of overhead 
crane, a cheap and simple structure of this kind being sometimes 
used for loading and discharging wagons in a quarry, stone-mer- 
chant's yard, or boiler-yard, the articles to be lifted being brought to 
or taken from the gantry on rollers. It is a simple step forward to fix 
the uprights on a horizontal sill or base furnished with wheels, so 
that as a travelling-carriage it can be propelled along a line of rails 
laid down for the purpose, such cranes as these being known as 
Goliath cranes. A crane of this sort is cheaper than an overhead 
bridge moving on an elevated staging, and it leaves a clear space 
below except at one place where the crane is at work, such an unob- 
structed area being often of great importance. On the other hand, 
the fixed staging with a travelling-bridge affords a complete apparatus, 
more easily worked, and allows two or more travelling-bridges to be Travelling bridge 

' ° ° on fixed staging. 

at work on the same stage. 

Timber is generally used as material for the staging and travelling- 
bridge, and timber beams trussed with iron tie-rods can be made 
strong enough even for wide spans and heavy loads. But wrought- 
iron girders are also frequently used for the travelling-bridge, and even 
as longitudinal supports for the rails on which the bridge works. In a 
factory, a set-off in the wall (208) affords such continuous support 
as to require only a longitudinal sleeper below the rails. Sometimes 
the girders or beams are carried on brick piers or iron pilasters (209) 
at short distances apart, or on corbels projecting from the wall, or on 
small brackets (210) cast on or bolted to the columns which support 
the roof. In engineering factories, it is important to allow ample 
headway under the crane, so that the travelling- bridge will pass clear 
of any lofty machine or structure that may have to be erected. 
The motive power is given in various ways. In the simplest cases, a 
rope passing over a grooved wheel, as in a whip crane, allows the 
power to be applied from below. Or, for small cranes and simple 
cases, an ordinary crab or winch is fixed on the bridge, with gear by 
which it may be made to traverse the bridge, the forward movement 
being separately performed by a simple gearing attached to one 
of the travelling carriages on which each end of the bridge rests. 
Sometimes, every movement is performed from below, the forward 
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motion of the bridge, the traversing of the winch on the bridge, 
and the lifting of the load, being effected by various clutches 
manipulated by the workman in charge. In jMwerful cranes, how- 
steam -winches, ever, it is usual to have a steam-winch on the bridge, which not only 

serves for hoisting but for the traversing and longitudinal movement. 
In factories, advantage is sometimes taken of a fixed steam-engine to 
transmit power by a longitudinal shaft the whole length of the 
traveller, and, the shaft being square in section, the wheels which 
take power from it slide on the shaft as the bridge travels. Or, 
power is brought from a fixed engine by hempen or wire-rope, either 
Seepage III. of which, if run at a high speed, need be but of small diameter. By 

these means the lifting and other movements may be managed either 
from the bridge or from below, but in neither case is there obstruc- 
tion from steam, or boiler, or winch-handles on the crane itself. 
See Figs. 204 ^ 214. Another method of working is by the combination of the jib-crane 
Jib-crane raised and the travelling crane, as already described, the jib affording the 

advantages of rapid lifting and slewing, and the elevated staging 
allowing a clear space to be left below, this plan being especially 
convenient at docks where the quay would be obstructed if the jib 
crane were on the ground level. 

Choice of crane. All the types of cranes that have been here described are made 

in various ways by different manufacturers, whose catalogues afford 

Numerous ample choice. But the diversity of design which the competition of 

makers affords, and which is available for cranes of moderate pK>wer, 

becomes rapidly less as the size and capacity of the crane increase. 

Large cranes need For in designing cranes with a capacity beyond 1 5 tons, every cir- 

spec a esign. cQmstance of locality or purpose acquires enhanced importaoce, and 

it is generally necessary or expedient to make a new or modified 
design. Large cranes are so expensive that the preliminary question 
of the permanence of the service should be fully considered, as 
Temporary crane, temporary hoisting apparatus can generally be more cheaply con- 
trived. Thus, in the case of public works, if large masses of stone 
or concrete have to be lifted during a short period ; or in the estab- 
lishment of a fiictory, the unloading of boilers ; or at a fortress, of 
See page 356. heavy guns, derricks might be cheaply erected and removed when 

the work was accomplished As previously mentioned, loads even 
as great as 50 tons can be lifted from one mast or baulk of timber, 
the necessary adjuncts of guy-ropes, crab and sheave-pulleys being in 
themselves comparatively inexpensive. For unloading from a ship, 
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however, a single piece of timber would seldom be sufficient, with- See^gessA. 
out great risk and difficulty, and sheers formed by two masts would 
be necessary. 

If, however, the lifting of a heavy weight will periodically recur, Powerful 

then the capital outlay for a permanent crane becomes justifiable. «**""■"«"* ««°««- 

Thus at a government dockyard or arsenal it is necessary to have a a* dockyards and 

, - , , . , ' , public works. 

crane strong enough for the heaviest gun or armour-plate \ and at a 
mercantile port where locomotives, large boilers, or guns are shipped 
or landed, one large crane is generally indispensable. And even on 
public works to be completed within a limited period, the time may 
be long enough and the operations so numerous within the period, 
as to amply repay, by the conveniences afforded, the greater cost of 
a permanent crane over that of temporary apparatus. At arsenals, 
dockyards, or mercantile ports, a wharf-crane is the kind generally Made as whan. 

cranes* 

required, and the expense of a self-contained crane according to 
method a is generally incurred. The kind and cost of founda- '**^' 358. "^'^ 
tions is then a question of great importance, but if there be great Foundations, 
difficulty in regard to foundations then method ^ or ^ affords certain seepagesss, 
advantages. Jib-cranes are hardly ever made for loads above 25 tons, 
permanent sheers or derricks then becoming preferable. 

Some of the most powerful cranes are those which have been Cranes for lifting 
designed for lifting concrete blocks in the construction of harbours 
and breakwaters. During the thirty years ending 1880, the size and chap.xxvii, 
weight of such blocks have tended to increase, and blocks weighing 
30 tons are frequently made, and occasionally blocks of 100 tons 
and upwards. It is not merely the weight which determines the 
strength of the crape, but the necessity for a far-reaching jib or Par-reaching jibs, 
arm to deposit the blocks ; and it is evident that the strain on the 
crane is in a rapidly increasing ratio to the load as the overhang and 
leverage become greater. Indeed, some of the machines constructed 
for lifting heavy weights are outside any ordinary category of cranes. 

Engineers in designing harbours or breakwaters, finding that no 
existing kind of apparatus will lift, convey, and deposit the heavy Special cranes for 
masses with which they have to deal, design cranes specially for their 
purpose, not only in regard to the main points of lifting and traversing 
the load, but also to secondary points, which are of scarcely less im- 
portance. Thus, the crane must be placed so as to be easily access- 
ible to the loads brought to it, and to deliver them conveniently on 
the desired spot ; and the crane itself must be as little obstructive as 
possible. The greater and more extended the work to be done, the 
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greater the expenditure which is justifiable. For instance, in the 
construction of a harbour or breakwater, a movable crane for deposit- 
ing heavy blocks of stone or concrete may be so arranged as to be 
clear of the road or railway by which the blocks are brought to it, so 
that wagons may pass freely under it while the load is being lifted, 
traversed, and lowered into place. Thus a breakwater or sea-wall 
having been first made wide enough b c for a single line of rails, a 
crane a (212) moving on these rails may serve to lift concrete blocks 
See ViGNKTTK, page brought with in its reach either by water to the side of the structure, 

or by the railway g on the already widened part, and may then move 
forward to e to deposit them at f, so as to widert the structure lilong 
its whole length. Another form of crane (213), equally powerful, but 
more elaborate, is one of a hybrid kind, the lower part consisting of a 
travelling stage and the upper part of a movable crane which can 
traverse the whole width of the staging. A lifting machine of this 
kind is arranged for working at the end of a structure, building it 
forward into the sea ; the wagons passing through from behind till the 
blocks they carry are within the grasp of the overhanging jib. The 
block of stone or concrete having been seized, the carriage on the jib 
from which the load is suspended is propelled forward, and the crane 
itselt traversed across the stage till the block overhangs the desired 
spot, when it is lowered. It will be seen that these special cranes 
have only a rectangular motion, and are limited therefore to a i>ar- 
ticular range of duty. Jib-cranes revolving on a pivot or turn-table, 
and mounted on a travelling stage (214), while allowing the same un- 
obstructed space below, can slew round in every direction, and are 
therefore suitable for more various purposes. But in a jib-crane of 
this sort there is the disadvantage that the load cannot be racked in 
and out as in a foundry crane, and the alternative plan of raising and 
lowering the jib is often inconvenient As, however, a short range 
of such racking movement is sufficient in most cases for adjusting a 
load, the slanting jib may be prolonged horizontally for a few feet, 
and a travelling carriage placed upon it as on the jib of a foundry 
crane. Huge machines of the kinds just described for lifting weights 
of 25 to 30 tons, and depositing them from a jib overhanging 30 to 
50 ft., cost from ;£'2,ooo to ;£'4,ooo. 
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Floating cranes of considerable power are often required in harbours 
and docks for use in cases where it is more convenient to bring the 
crane, to the ship than the ship to the crane. . Strong vessels are 
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needed to sustain such cranes, and while the stability depends pri- Floating cranes, 
marily on the breadth of beam, the suspended loads are partly 
balanced by water-tanks or other counterpoise. A floating crane with 
jib projecting 20 ft beyond the side of the vessel on which it stands, 
and for lifting loads of 20 tons, will cost from ;^6,ooo to ;^8,ooo. 
In some harbours where vessels of deep draught cannot lie alongside a . 
wharf, floating cranes or derricks are used for discharging cargo into 
lighters, but in such cases the cranes are usually of moderate power, 
and the peculiarity lies in the arrangement of numerous cranes 
on one hull as they might be on a wharf. Coals and similar bulk- Discharrins coai«. 
cargo may be rapidly discharged from a ship to barges by numerous 
cranes fixed on a floating hull, and working simultaneously at two or 
more hatchways. A complete hydraulic equipment will generally 
prove best for rapid working. Grain in bulk is best lifted by " eleva" 
tors," which have a series of buckets on an endless chain and ladder, 
something like a dredger; and, one end of the ladder being in- 
serted in the hold, the buckets scoop up the grain and deposit it 
either on barges or into railway wagons on shore, or to the upper 
storey of a warehouse. These ' elevators are sometimes fixed on a 
floating vessel and sometimes on shore, and they are as well suited 
for delivering into a ship as from it. 



Grain elevators. 



To allow the selection of a crane best suited to the purpose in choice of crane, 

. ^ ^ how determined. 

view, or to enable an engmeer or manufacturer to make an appro- 
priate design, some or all of the following points need consideration, 
the importance of every incident increasing as the lifting power and 
radius required become greater : — 

1. The average and maximum weight of the articles to be lifted, power, 
and the relative frequency of each. If the maximum weight seldom 

occurs, it will be desirable, while providing the full power, to make 
the arrangements conform specially to the more frequent operations. 

2. The size or bulk of the pieces to be lifted. The shape of the gj,^ ^^^ ^^ ^^ 
jib has often to be modified and made of appropriate shape, this P*«cea to be lifted, 
point having to be considered in connection with the length or pro- 
jection of the jib \ and on this the resisting power of the crane and 

the strength and cost of the whole apparatus often depend. In con- 
nection with this point, it must also be considered whether the radius 
will have to admit of alteration, and the lifting power may be modi- 
fied accordingly. Thus, a crane which will lift 1 2 tons at the extreme 
radius may be arranged so that it will lift 20 tons with a shortened 
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jib. But directions as to the safe limits of loading should be con- 
spicuously affixed to the crane, to prevent misuse and accident. 
Kind and ' 3. The nature of the operations to be performed and their fre- 

'wM-wng.^ quency, so far as will determine the expediency of steam-power and 
other arrangements for quick working. Any special circumstances, 
such as rapid working during certain hours of tide, should be considered. 
Height of lift. 4- The average and maximum height of lift for which a winding- 

fepng«303- (jfum and chain must be provided. 
Fuel. 5. If a steam-crane is required, the kind of fuel should be 

Water-power, described; if hydraulic power, then the nature of the apparatus 
,see pages 83 &* 37o. and prcssure which is available. 

6. If for permanent use in one place, a plan of the site is useful in 

assisting the choice of kind and shape of crane. If a wharf-crane is 

PoundationB. required, the nature of the ground and its suitability for foundations 

should be described. If the crane is for an iron or timber jett%% a 

See page 3s9- " 

A/so]RTTiEs,rart/: drawing of the structure should be furnished, so that the sufficiency 

of the structure to support the crane when loaded, or the method of 
strengthening it, may be considered. 
Movable cranes. 7. If a Crane on travelHng-wheels is required, the width of the 

See /ages 2606^36/. existing railway gauge, and the width and height permitted for 

passage through bridges. But if rails are to be laid down specially 
for the crane, the limit of width within which the gauge may be made 
to suit the crane. 

Ropes and chains. 8. In cranes of moderate power, it should be stated whether hemp 

ropes, kon chains, or wire ropes are preferred, as the winding-drum 

as well as the sheave-blocks must be made accordingly. Ropes are 

not suitable if exposed to the weather, and for any but moderate 

Steel-wire rope, weights are cumbersomc and inconvenient. Steel-wire rope is now 

Seepage in, available as a substitute for chain or hemp rope, and offers the great 

advantage that it shows signs of deterioration, and is not, like a chain, 
liable to sudden fracture. But as wire ropes of various kinds and for 
various purposes are made, it is important that rope of sufficient 
flexibility should alone be employed. The manufacturer should be 
See page 1/3. informed of the purpose for which it is required and the diameter of 

the barrel on which it is to wind. 

\^Sce also Factories: The Transmission of Power: and in 
Part I., Harbours and Docks.] 



CHAPTER XXVI. 

EXCAVATING MACHINES. BORING-TOOLS. ROCK-DRILLS. 
DREDGKRS. PILE-DRIVERS. DIVING APPARATUS. 

The use of machinery for ex- e» 
cavating earth, gravel, sand, 
and other material usually 
dug out by the spade, though 
often proposed by inventors, 
did not till about the year 
' i860 in America and 1870 
in England, reach beyond 
experiment. Machine exca- 
vators and scoops had before 
then for many years been 
used for the sinking ol wells, for bridge foundations, and for subaqueous 
dredging, these being cases where simpler methods were impossible. 
But the scarcity or high price of labour in some cases, and the great wi 
need for speedy execution of extensive works in others, drew the 
attention of contractors to new inventions which seemed likely to 
supersede or assist hand-labour ; and even where none of these reasons 
would have sufficed, the saving in cost which the new machines were 
found under certain conditions to allow, ensured their adoption in 
the ordinary competition of trade. 

There are several kinds of machine excavators, but they may be Diffen 
broadly classed as of three kinds, i.e., those with a series of con- ' ' 
tinuously moving buckets or scoops, as in a dredger; those in which 
one scoop or cutter is attached 10 an arm which forces it into the 
ground and digs out the soil ; and those with hollow cutters or 
scoops, which being let down vertically, grasp the soil and bring it 
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back as in a bucket To these must be added apparatus for excava- 
ting by air or water pressure, and also boring tools, which, though 
they penetrate to a great depth, are principally used for well-sinking, 
and are employed for excavation only as preliminary or accessory to 
larger operations. 

The experience gained with dredgers for subaqueous excavation 
where hand-digging is impossible, naturally led to the consideration 
of this form of machine when mechanical digging on dry land was 
required. So cheaply has subaqueous dredging been performed, and 
so skilful are the operators, that it has often been found profitable 
when a dredger-boat has been stranded at low water on a shoal or 
bank to continue working even although manual digging or other 
ordinary methods would have been possible. So that it appeared a 
ready method to construct a complete dredging apparatus on a stage 
travelling upon wheels instead of on a floating vessel. The machines 
of this sort that have been made resemble somewhat a travelling 
crane or gantry, moving forward upon a railway of from 30 ft. to 
40 ft. gauge, and on the bridge or transverse platform is a steam- 
engine and upper framework for carrying the " ladder ^ with moving 
buckets like those of a floating dredger. The ascending buckets are 
emptied at the top into a horizontal carrier, which discharges into 
wagons at the side. In a case of this sort, the rail-track for the 
apparatus would be on the ground-level, and the stage, spanning the 
excavated space below, would work forward, the dredger buckets 
cutting into the solid wall in front as the machine advanced. By 
Mode of working, this means, a continuous cutting or gullet is excavated, which can 

afterwards be trimmed and widened by side-filling into wagons on a 
line of rails at the bottom of the cutting. It is obvious, however, 
that an apparatus of this kind could be arranged in various ways to 
suit particular cases, according to the depth of cutting, the levels, and 
other circumstances. In these respects, there might be as many 
varieties as in a floating-dredger, but the facilities which the water 
affords for supporting the machine at the desired spot, for moving 
from place to place, and for conveying the spoil, are wanting in the 
land-dredger travelling upon rails. 

Travelling land-dredgers can be made of a size small enough to 
move upon a railway of standard gauge, although when actually at 
work a third or outer rail would be necessary for stability; the width 
of base so obtained determining the angle at which the buckets could 
work. In the cases where this plan has been applied, the arm or 
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ladder is about 30 ft. long, sufficient for a cutting as deep as 15 ft. steam excavator 

on railwav 

below the rail level at an angle of 45°. The buckets each hold about 
6 cubic feet, and dig at a rate of about 20 buckets per minute. 
Machines of this kind are best suited for excavating sand or loose 
soil, or for loading up ballast into trucks. Much of the expense of 
working is in the continual moving back of the rails as the machine 
cuts aiVay the edge of the bank. 

It is impossible to state the cost of excavating by travelling 
dredgers of the kinds just described, as so much depends on the 
subsidiary operations that have to be performed When in full 
work, the saving over hand-labour may be undoubted, but the first 
cost of the machine, the expenses of fuel and attendance, the laying, 
maintaining, and relaying of the rail tracks, as well as the liability to 
delay from repairs, all add considerably to the outlay; and unless there 
be a very large amount of similar work to be done, these incidental 
expenses are generally prohibitory. The occasions when the land- Land-dredKcrvery 
dredger could be employed with advantage are therefore very rare, ^ 

but so various are the circumstances which occur in public works 
that e^i^perience gained with such apparatus may be utilised when 
favourable conditions present themselves. 

The Steam-digger or Steam-nawy has most of the functions of a 
crane to perform. The machine is fixed upon a travelling carriage, 
and besides the steam-engine, crane-post, and jib, there is a projecting 
arm with an iron scoop upon it, which, by an ingenious combination 
of pulling, pushing, and lifting, cuts into the ground in front of it and ^^^ 

scoops it away. To work effectively, the machine should be at the steam-navvy, 
lower level of the excavation and cut into the solid wall of earth in 
front of it. Starting from level ground against a slope or hill in 
front, the machine cuts its way, forming a channel or " gullet " as it 
proceeds. The width of the gullet is determined by the radius or 
sweep of the jib and digging-arm, but it cannot cut at a steeper angle 
than 45°. A width of about 40 ft. has been found most useful, as it width of cutting, 
allows of a line of rails on each side of the machine, and, in the case 
of a railway-cutting, leaves only the trimming of the sides to be done 
by hand-labour. 

These machines may be worked with either two or three lines of 
rail, according to the arrangements for supplying and removing the 
trucks, the rate of working and other circumstances. But where, 
owing to the nature of the ground, the machine can work quickly it 
is sometimes found expedient to lay three lines of rails. On the centre 
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line (which must be of strongly laid rails to bear the weight) is the 
machine a, and, if need be, a line of empty trucks behind. The outer 
lines are about 3 ft. higher than the middle line, and serve for the trucks 
fi, which are being filled, and for those c already filled waiting to be 
removed. Two men are generally employed to direct the machine ; 
one man stands upon it, and, as in the case of a steam-crane, is able, 
by the various handles within his reach, to lift or lower the digging- 
arm or slew round the jib. The second man manages the scoop, 
which is made with a hinged lid or trap-door at the bottom by which 
the spoil is discharged into the wagons. Besides these two principal 
men there is a fireman j and in addition there are men to trim the 
sides of the gullet, to manage the wagons and the lines of rail But 
as these duties have also to be performed where the digging is by 
hand, they may be excluded in comparing the cost of actual excava- 
tion. The scoop has a sharp steel lip, and will cut into stiff clay or 
gravel, even when mixed with boulders. The scoop is first lowered 
into the jKJsition shown, and cuts its way upward, and when it is clear 
of the surface and full of spoil, the jib swings round like a crane, and 
the scoop, being brought over a wagon, is emptied by the falling 
downwards of the hinged bottom The scoops vary in size, and hold, 
according to the nature of the ground, about one cubic yard ; and 
according to the stiffness of the ground, the sufficiency of wagons 
and other accessories, the machine will excavate from 400 to 700 
cubic yards per day, or about the work of 40 able men. They have 
been successfully used for excavating chalk. The actual rate of 
work depends not only on the nature of the ground but on the 
efficiency of the arrangements for removing the spoil after it has 
been delivered by the machine. 

When the cutting or gullet has been made by the machine, the 
width of the cutting may be increased by side-filling into the wagons 
below. This course is convenient where the width of excavation 
required is greater than the machine can accomplish, and in excava- 
tions over a wide area, as in excavating a dock, a series of parallel 
gullets can be made, leaving only banks or ridges between to be cut 
away by hand and removed by side-filling. The machine can also 
work along a face, but has not then such scope as in a gullet 

A steam-digger as here described is made of steel and iron, 
except the digging-arm, which may be made of wood or iron. 
Although strength and rigidity in the digging-armband in the gear 
which propels it are essential, some play or elasticity is necessary to 
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prevent fracture when boulders or other obstructions aic encountered. 
The engine is generally of about 1 o-horse power ; the weight of the 
machine (exclusive of fuel and water) ranges from 30 to 35 tons, and 
the cost from ;£ 1,200 to ;^ 1,400. 

The exp)ediency of adopting excavating machines of the kind 
described in the preceding pages depends principally on the alterna- 
tive cost of manual labour in the locality and the extent and nature 
of the work to be performed. When fully employed it has been 
proved by experiment that the steam-navvy will excavate at a saving 
of id. to 2d. per cubic yard as compared with manual labour. In 
the cost of the machine-process, interest on the purchase cost of the 
apjxiratus has of course to be reckoned, as well as the expense of 
repairs, deterioration, fuel, and the wages of the attendants; but 
accessories which are commop both to machine and hand labour, 
such as the laying of the rail tracks and sidings, and the haulage of 
the full and empty wagons, may be excluded in comparing one with 
the other. 

The nature of the ground is of course a point of importance, 
for while sand, clay, alluvial soil, or gravel, and even chalk is 
mastered by the machine, hard gravel, large or numerous boulders, 
or any stratum that depends on the pick or on blasting, forbids 
the use of the machine; while on the other hand, if the ground 
be very soft, the maintenance of a track which will bear the 
weight of the machine may be so expensive as to be prohibitory. 
The desired depth of the cutting has also to be considered. If it is 
within the range of the machine at one or even at successive opera- 
tions, it is much more profitably conducted than if a few feet in depth 
had afterwards to be dug out by hand. Some engineers object to the 
steam-diggers and other machine excavators because they disturb the 
ground more than hand-digging, and because also the large masses 
of spoil they remove are not so well suited for making solid embank- 
ments as is earth dug out in small spadefuls by hand. On the other 
hand, the contractor looks only to the cost of the work, and is 
sometimes also inclined to use the machines even when little or 
no saving is apparent, because of the check they afford on the 
demands of the men. 

Machine excavators compare most favourably where the work to 
be done is of considerable extent, where workmen for hand-digging 
are scarce or expensive, where skilled workmen for managing and 
repairing the machine are easily obtained, and where energetic con- 



Cost, power, and 

>veight of 

steam-navvy. 



Machine and 

manual dig^ging 

compared. 



Expenaes 



Nature of the 
ground. 



Too hard to cut. 



Too soft to bear 
the machine. 



Machine-duff soil 

not solid n)r 

embankment. 



Machine a useful 
check on men. 



Favourable 

occasions for 

machine-digging. 






84 



Mathesofis Aid Book, 



[Chap. XXVI. 



tractors with sufficient capital have the control. Such a combination 
of circumstances are likely to occur in the United States more often 
than in England, and the steam-diggers were therefore first introduced 
there, but in England also opportunities for its profitable use have 

Inexpedient where Occurred both on railway works and docks. But in countries where 
a our 8 c eap. ^^^^ jg abundance of cheap labour, as in India or China, but where 

skilled workmen are expensive and repairs or renewals are difficult 
of execution, these conditions tell greatly against the machine. But 
in estimating the cost of manual labour, the rates of wages should 

Effects of climate, not alone be reckoned, but the cost as measured by results. Climate 

and its effect on workmen have also to be considered. Thus, there 
are countries where, though labour may be cheap and abundant, the 
climate is so enervating that the workmen take frequent holidays, and 
works are much delayed. It may become expedient, therefore, to 
Saving in time, adopt machine-proccsses to save time even at a greater expenditure 

of money. 
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In the excavation of wells, mine-shafts, or pier-cylinders, so long 
as they are unobstructed by water, workmen can descend and dig 
out the spoil, which can then be hoisted in the ordinary way by 
buckets ; and even if water be met with, it may often be kept back 
by pumping, so that the workmen can still descend; this, for instance, 
being generally possible in a clay stratum. But if the excavation 
has to proceed under water, mechanical means of some kind have to 
be adopted, and in the course of time and to meet very different 
circumstances, a great variety of methods have been tried. If the 
ground be loose sand or mud, it may be pumped up, or a sand-pump 
may be worked by compressed air; and in the case of light clay or loam 
it may, if better methods are not available, be so stirred or loosened 
from above as also to be lifted by pumps. But as excavation or 
cylinder-sinking has generally to be continued till a firm foundation 
is reached, pumping hardly ever suffices alone. By means of divers, 
work can be carried on under water, and if the excavation be in 
cylinders or caissoons which can be closed in at the top and made 
air-tight, pneumatic methods are available, but only at depths less 
than 100 ft 

AVhile therefore, in moderate depths, mechanical excavators 
which will act under water may, although generally the cheapest, 
be only one of various methods available, they become at the above 
depths indispensable. Sometimes the excavation of the soil and the 
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bringing it to the surface are performed by separate apparatus. Thus, 

as stated above, the strata may be so loosened as to be pumped up. 

Tlus principle has been elaborated in the sinking of pier-cylinders 

by the use of revolving ploughs or cutters worked from above to dig Revolving cutters. 

out the soil, which, when loosened, flows upwards through a syphon, spou raised by 

a sufficient current of water being maintained in the syphon by 

pumping water into the cylinder so that the water level is always 

above that of the water outside. This method, which has been 

adopted in deep river-foundations, is costly because of the engines, 

pumps, barges, and other apparatus required. 

Self-acting buckets or scoops, for vertical action only, 2^re made in 
a variety of ways, and great discrimination is needed to choose what 
is best suited to particular cases as they arise. Small circular boring- 
buckets or '^ misers " are useful sometimes in well-sinking, and can 
be employed for excavating in cylinders also. The most useful size 
is about 12 in. ; they are made even up to 4 ft, but these are cumbrous 
in action and are not suitable for excavating considerable quantities. 

Buckets or scoops suspended from a chain are, if effectual, the 
most convenient kind, but as neither a thrusting nor a screwing 
motion can be transmitted through a chain, it is necessary that the 
scoop or bucket shall have a self-contained action. The scoops that 
have proved effectual, though of various kinds, are generally made 
of a segmental form hinged, so that when descending they are open 
and ready to grasp the spoil, and when the hoisting commences they 
close and hold fast whafhas been grasped. In soft sand or mud the 
mere weight of the apparatus causes it to sink so far as to fill, 
and many of the scoops which haVe been used might be better 
described as self-filling machines than as excavators, and in this Seif-acting scoop. 
respect they may be used with advantage for hoisting grain out of 
barges, and, if open forks or grids be substituted for the complete 
bucket, will serve for hoisting coals or straw. 

To obtain a cutting action, it is endeavoured in the pivoting or Mode of working, 
hingeing of the scoops to give such a direction to the cutting edge 
that when the hoisting chain, by becoming taut, tends to pull the 
segments of the machine together, they cannot close without cutting 
downwards and grasping the soil. But generally, the tension of the 
hoisting chain has hot been sufficient for this, and a second chain 
attached to the hinged parts has had to be pulled, or a blow from a 
falling weight given to the bucket to force it into the ground. By 
these means very effective work has been done in the excavation 

CC 




2ao 



386 



Mathesofis Aid Book. 



[Chap. XXVI. 




of pier-cylinders inaccessible to other kinds of apparatus, and the 
improvements already (1880) accomplished render them available 
for dense clay and other hard strata. In some of the scoops, the 
closing by a separate chain has been much simplified and improved ; 
while in others, the separate chain is unnecessary, unless a veiy 
tenacious clay or hard gravel is met with, the buckets being made to 
close and grasp the spoil by means of self-acting cranks and levers. 
But even these harder materials may be dealt with if the depth do 
not exceed 30 ft, as by an ingenious application of a hydraulic ram 
the scoop is thrust into the ground with sufficient force. 
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Boring4ools, which find their principal use in prospecting for 
minerals and in sinking artesian wells, are useful also to the engineer 
or contractor for proving the nature of the ground for founda* 
tions. The latter may sometimes be sufficiently ascertained by 
digging trial-pits, and such pits dug on the banks of a river will 
occasionally suffice even to prove the stratum likely to be met with 
in the river-bed itself. But water in the pits generally hinders the 
excavation in this way, and for any but moderate depths boring-tools 
become necessary. In the construction of bridge-piers, of whatever 
kind, it is important that the nature of the foundations should be 
investigated before the form, dimensions and depth of the piers can 
be determined. The firmness of the ground or the friction it would 
afford to piles screwed or driven down, may sometimes be sufficiently 
ascertained by driving iron-shod piles or iron bai:s into the ground 
and carefully recording the shape and size of such piles or rods, as well 
as the number and weight of bloWs by which they have been driven a 
certain depth. But information so obtained is inconclusive and more 
elaborate plans are generally necessary. A sample from the bottom 
of a trial-pit, when water hinders further excavation, or from the river- 
bed itself, may be obtained by a worm-auger of peculiar form screwed 
into the ground. The depth to which this plan is effectual depends 
on the cohesion of the soil. If of clay or gravel it may be used for 
6 or 8 ft., but the sides of the hole often fall in, and a fair sample can 
only be obtained by first driving a tube and screwing down the worm- 
auger inside it. 

For boring considerable depths, either in prospecting for minerals 
or in well-sinking, if the stratum to be pierced is approximately 
known, it may be possible to confine the choice of tools to those 
most suitable ; but where the nature of the strata is uncertain, the 
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boring apparatus must vary in kind, so as to pierce any stratum that 
may be met with. For most kinds of ground, a boring-rod shaped 
like an auger (223) is screwed into the earth, but when rock has to be 
pierced, cutting-chisels or "drills'* (224,225) are driven by percussioa 
A tripod or sheers is placed over the bore-hole, and, by means of a 
rope passed round a pulley, the rods can be lifted, a windlass being 
used for winding the rope ; and when rock or stony ground is met 
with, the process of "jumping " the hole is performed by lifting and . 
letting fall the rods, the weight and percussive force becoming very 
considerable as the depth increases. 

A usual method of commencing boring operations is to use first a 
worm-auger (226) for penetrating the hard crust and for loosening the 
earth below, and then to substitute an open or " clay" auger (223). A 
short length of pipe is sometimes driven into the hole at the com- 
mencement so as to prevent the surface-earth falling in. The turning 
is done by means of tillers or handles fixed on the top length of rod 
and worked by two men so long as the process is easy, and then, by 
lengthening the handles, by four or more men, or by cattle or steam- 
power. The rods are made in lengths of 10 or 20 ft., and a length 
is added as the tools descend. When the auger is full of earth or 
clay, it, with the rods above it, is raised by means of the sheers and 
windlass, and the augers emptied. In deep boring, as the depth 
increases, the uncoupling of numerous lengths of rod each time that 
the augers are lifted becomes tedious, but some of this labour may 
be saved by erecting light but lofty sheers above the bore-hole, so 
that lengths of 40 ft. may be lifted at once. For longer lengths* a 
light framework may be erected, or a tripod of poles lashed together 
at the top. Or if the first part of the excavation has been by 
digging, the boring-rods may be worked from the bottom of 
the well or pit, and the rods may be uncoupled only in long 
lengths. Thus if the pit be 50 fl. deep, the rods need only be 
divided into similar lengths. When it is desired to examine the 
stratification of the ground more exactly than the ordinary auger 
allows, an auger of peculiar form is used in which the earth or 
clay passes up intact as a solid core. If rock or stones are met 
with, and it is necessary to cut through them, a chisel-ended tool is see Figs. 224 a* 92s. 
substituted for the auger and is "jumped" or driven against the 
rock by lifting the apparatus by the sheers and letting it fall, its 
own weight giving' the necessary force. This plan becomes difficult 
at a great depth, as the rods vibrate and break the sides of the hole ; 
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the great weight requires considerable force to lift the rods at each 
blow, and tends to break the lower lengths. Boring-rods of this 
kind are partially turned at each blow so as to make the hole circular. 

If the tool passes through the rock, recourse is again had to the 
auger, unless the ground has become wet or soft, when another tool, 
called the shell or pump-auger, which has a valve at its extreme end, 
is used, and this valve will retain silt or sand or anything too soft to 
pass up the ordinary auger. When boring through a running sand or 
other soft stratum, it is necessary to drive a pipe down the bore- 
hole to prevent the soil closing round and choking it The pipe is 
passed down from the surface through the hard ground, and is then 
driven through the soft lower stratum, the pipe being cleared from 
time to time by a shell-auger. If hard stratum be again encountered, 
it is necessary to recommence with a tool of smaller diameter that will 
pass through the pipe. Hence, when deep borings are anticipated, 
it is important to commence with a large tool, as it may be necessary 
to reduce the diameter three or four times in a depth of several 
hundred feet 

The tools above described are made of various sizes and shapes to 
meet the different occasions that arise, but besides the actual boring- 
tools and rods there are numerous secondary tools that become neces- 
sary. Thus there are grappling tools of various kinds and shapes for 
seizing rods or pipes that become disconnected in the bore-hole or 
stones that impede the augers ; pincers, clamps, hooks and tubes. All 
these must be made of good tough iron or steel to withstand the 
roygh usage and the oft-repeated strains that are unavoidable in 
boring operations. 

For testing ground down to 30 ft, the necessary tools can be pur- 
chased for about ;^i5, but the expense increases with the depth of 
bore-hole, so that the tools cost about ;^ioo for a bore of 300 ft 
The deeper the hole, the greater the variety of strata likely to be met 
with, and therefore a corresponding number of tools must be pro- 
vided. Moreover, if deep boring is anticipated, the hole must be 
made of Ifirge dimensions at the top, larger and more expensive augers 
and chisel-drills becoming necessary. The rods are square bars of 
iron or steel with screwed socket-joints, and they are generally made 
in lengths of 10 ft. or 20 ft, and they must be strong in proportion to 
the depth of hole. Thus, i-in. rods, costing about 23s. per lo-ft. 
length, are usually strong enough for holes 200 ft deep; for holes 
down to 400 ft. \\ in. rods, costing about 27s. per lo-ft. length, are 
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needed ; while between 400 and 700 fr. i^ in. rods, costing about 36s. 

per 10 ft. become necessary, and so on. For deep borings, or where 

rapid work is desired, a steam-engine is a necessary adjunct, though steam-power and 

horse or cattle power may be substituted. Staging, sheds and various 

other accessories have also to be provided, often at considerable 

expense. 

A proper choice of boring-tools depends upon a full knowledge of 
the circumstances ; and therefore the purpose, the probable strata, 
the anticipated depth, the extent of the operations, and the diameter 
wanted at the bottom of the hole should be fully described to 
those concerned The conditions under which boring operations are 
carried on are so varied and the accidents that occur so peculiar that 
experienced workmen are necessary for any but the simplest cases. 
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The Diamond Rock-drill is used for sinking artesian or other 
wells, and for prospecting after minerals, and for hardly any other 
purpose ; though occasionally it has been used for boring holes for 
explosives instead of the percussion reek-drill. For example it has 
been used for the latter purpose in subaqueous rock-boring through 
water about 14 ft deep. Steel tools can pierce rock only by a 
succession of chisel blows; and as power rock-drills, which strike 
rapidly, are limited to a depth of about thirty feet, drilling through 
rock for greater depths is tedious and expensive. The piercing 
of rock by revolving drills is obviously a desirable plan, but steel 
having proved quite inadequate for the purpose, the '* jumping** 
of holes by chisel-drills was the only available plan till the inven- 
tion of the diamond-drill, which will penetrate the hardest rock. 
Indeed, it will work more easily in a hard granite or hard siliceous 
sandstone than in softer rocks. A hollow tube is used as the revolv- 
ing spindle, and to the lower end of the tube is attached a ring or 
disc of larger diameter, known as the " crown," the face of which 
is studded with carbons or black diamonds, which, when the crown 
revolves, cut or wear away an annular space into the rock. The 
solid core of rock passes into the tube as the drill descends, and 
by a simple arrangement the core can be cut from time to time, 
and brought to the surface in lengths of from i to 15 feet. While 
the drill revolves, a stream of water is forced down the tube at 
considerable pressure, for the double purpose of counteracting the 
friction heat of the cutting- faces, and of bringing up in the annular 
space outside the tube the powdered rock which the drill has cut 
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away. Taking into account the expenses of repairing steel percus- 
sion drills, the diamond-drill will do the same work as cheaply and 
at a greater rate of speed. 

The diameter of the drill-hole depends on somewhat the same 
circumstances as in other kinds of boring, that is to say, on the 
diminutions that must occur from time to time during the descent. 
If there be hard strata throughout, the diameter need not be much 
diminished-; for instance, a hole need only be 6 in. diameter at the 
top in order to be 3 in., diameter 500 feet below, this allowing for a 
core of about i J diameter. It is usual, especially when passing 
through soft stratum, to line the bore-hole with tubes, and the allow- 
ance has to be made for these in determining the diameter of the 
hole. For prospecting, the smallest diameter that -will work to the 
desired depth is all that is necessary, as a core oC i inch diameter 
will tell the stratification almost as well as a larger one. But for 
well-sinking, where a tube for permanent service has to be inserted, 
diameters of from 12 in. to 24 in. become necessary. A solid core, 
20 in. diameter, of the hardjest stone can be brought up from a 
depth of 1,000 feet, and drilling can be carried on at a reduced 
diameter for more than 2,000 feet The rate of progress will range 
from^2 ft. to 3 ft. per hour for depths down to 200 ft., diminishing 
I ft. per hour at 1,000 ft. 

A complete apparatus suitable for mine-prospecting, consisting of 
small steam-machine and boiler, drilling-crown and diamonds, with 
drilling-rods sufficient for drilling 200 feet, with a core at the finish 
I i diameter, costs from ;£'i,2oo tO;£'i,Soo, including 100 ft. of lining 
tubes and all necessary accessories. A small apparatus of this kind 
can be mounted on wheels and taken quickly to the desired place, 
set to work, and as quickly removed. It is suitable for depths 
down to 1,000 feet The drill works most easily downwards, but 
can, if need be, work at any angle. But although a machine of this 
kind is portable and convenient for prospecting, it is better in the 
case of large holes or deep boring to have a detached boiler, and, 
if the situation allow it, lifting apparatus above the bore-hole for 
raising the rods. A derrick or sheers may be used for this purpose, 
but it is better to have a lofty framework, or staging of timber, or 
angle-iron, which can be so made in lengths as to be packed in 
bundles for transport. 

The cost of rock-boring depends on so great a variety of cir- 
cumstances that no fixed rates can be stated, but where coal is 
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obtainable at 30s. per ton, a prospecting machine as just described 
can be worked at a cost of from ;^3 to jQ^ per day, and with such a 
rate of expenditure the total cost will range from 5 s. to 12s. per foot. 
When large holes are bored, as for wells, tubular rods of from 6 in. 
to 18 in. (generally made of weldless drawn steel) are used; the 
cost of the apparatus rapidly increase, and for depths of from 1,000 
to 2,000 ft, the oiitlay often exceeds ;^4,ooo, and the cost of boring 
2os. to 50s. per foot The cost of lining-tubes will also range from 
5s. to 40S. per foot, the cost increasing with the depth. 

Diamond-drills as just described will pierce the hardest known 
rocks, but sometimes it is expedient to use them in combination with 
ordinary boring-tools. Thus ordinary tools may be used through 
soft upper strata or chalk ; and if loose flints are encountered, a 
jumping-drill will break them easier than the diamond-drill, which 
is apt to loosen and turn them round rather than cut them. As in 
other kinds of boring, various contingencies have to be provided 
for, and none but men accustomed to the incidents of boring can 
overcome the difficulties that may arise. 

The diamonds found most suitable range from 2 to 6 carats 
(according to the size of crown and bore-hole) and cost generally 
from 20S. to 30S. per carat, but occasionally there are wide fluctua- 
tions in price. About 12 diamonds are required in a crown of 
small diameter and about 30 in the largest Great care is required 
to set them firmly and in proper sequence, but if this be done, they 
last a long time, and if occasionally re-set so as to obtain a new 
cutting-edge, they will sometimes drill more than 500 ft. 

A supply of water is essential to drilling by diamonds, but when 
water is scarce, it can be stored in pits and re-used. Although the 
drilling to a certain depth may be anticipated with certainty, the 
diameter of the hole at the finish can seldom be predicted. Bore- 
holes can be enlarged by rimering, the diamonds being specially 
arranged for the purpose. But this costs as much as drilling a new 
hole. 
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Percussion Rock-drills are used in sinking shafts and driving galleries 
in mining and tunnelling, for boring the holes in which the explosives 
are placed Drilling by hand, which was the only plan available 
till machine rock-drills were invented, is slow and laborious, and 
quite inadequate for large or speedy operations. The actual drilling- 
bit, or boring-tool of the machine resembles the hand-drill in being 
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driven against the rock by a succession of blows, and in the partial 
turning of the bit between each blow, but the bits or boring-tools 
themselves are generally stronger, being made of various shapes from 
steel rolled for the purpose. While a hand-drill is limited to 8 or lo 
comparatively feeble blows per minute, a machine-drill gives from 
300 to 1,200 blows per minftte, and each with great force according 
to the diameter of the cylinder and pressure available. 

A machine-drill forms a complete steam-engine or compressed- 
air engine. There is a cylinder with piston, and to the piston-rod 
the drill is attached, so as to give a direct blow on the rock, a fresh 
length or piece of drill-bar being inserted, as with well-sinking or 
boring rods, as the hole advances. The blow is struck as by a chisel, 
and between each blow the drill turns partially, so as to render the 
cutting edges effective and to maintain a round hole, the drill being 
made to advance by a forward movement of the cylinder, in some 
machines automatic (though this feature is not, in most cases, of 
much importance) ; and it is in these points, as well as in the kind of 
slide-valves or other mode of controlling the steam or compressed air, 
that the machines of different inventors differ. 

Steam and compressed air are the motive powers generally em- 
ployed for rock-drills, the elastic force being well suited to the sharp 
percussion required. Water has been used as a motive power, but 
the occasions when it can be obtained in sufficient quantity and 
force at the right place, without its exhaust or " tail " being in the 
way, are so rare that it hardly needs consideration. The direct use 
of steam is the cheapest, as there is necessarily loss of power when a 
steam-engine is applied to the intermediate purpose of compressing 
air, and there is again a loss when the compressed air gives out its 
force in the drill. Moreover, while only a steam-boiler is wanted in 
the one case, an engine and air-compressor are wanted in the other. 
For these reasons, steam is preferred in those cases, such as open 
quarries, where its use is practicable and convenient. But rock- 
drilling has in the majority of cases to be done in mines and tunnels 
so far from the open air, or in such confined spaces, that a boiler 
for generating steam becomes impossible, and even if steam be 
brought in pipes from the outside it is oppressive or unendurable. 
The modern system of using as power compressed air, brought in 
pipes from a compressor at a distance, has therefore proved of great 
advantage, and is indeed more associated with rock-drilling than 
with any other operation. The manufacture of air-compressors for 
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the purpose has become a specialty of trade. Even in open work, 
compressed air is frequently employed where the apparatus has to be 
provided for tunnel work. 

Where cheap water-power is available for turbines or wheels for com- 
pressing the air, the loss in transmutation may be of little consequence, 
and rock-drilling is performed under the most favourable conditions, 
because, apart from the cost, air is preferable to steam. In regard 
to the transmission of steam from the boiler to the drill, there is 
always loss by condensation, the precautions for retaining the heat, 
which are usual and feasible in permanent situations, being inconvenient 
in temporary and movable apparatus ; and the limit of distance is 
less than with air, which can, if need be, be conveyed for several 
miles in pipes with little loss. Moreover, if steam be used, the 
machine and pipes become inconveniently hot, and the exhaust- 
steam is an annoyance. Compressed air is free from these objec- 
tions and has, as already described, the distinct advantage of cooling 
and ventilating the place where it is discharged, a circumstance of 
great value in mines and tunnels, especially where the air has been 
fouled by the explosion of gunpowder or dynamite. 

The leading dimension which determines the power and cost of 
the machine is the diameter of the cylinder; and as the size, strength, 
and weight of the parts are also governed by this, the exigencies 
of portability and space, which render a moderate size and weight 
necessary, of course limit the power of the machine. The smallest 
machines are those made with cylinders of about 2 in. diameter, but 
these are used only for such purposes as splitting blocks and drilling 
plug-holes. The more usual sizes of machines range from those having 
cylinders 2\ in. diameter, with a piston-stroke of 3 to 5 in., and 
with a i6-in. length of feed, up to those with cylinders 4 in. diameter, 
7 -in. stroke, and 3-ft. length of feed. Machines of 5 ia and even 
Si in. diameter have been made and used sometimes for prospecting 
on exposed reefs, or for deep holes (30 ft to 40 ft.) where the weight 
of the rods requires extra power, .but they are unnecessary even for 
the most extensive tunnelling work. 

The kind and number of machines necessary for any particular 
case depend mainly on the purpose and extent of the operations. 
Single small machines, though apparently effectual for a depth of two 
or three feet, are quite insufficient for speedy work either in mining 
or tunnelling, and if, as often happens with inferior machines, they 
get out of order and cause delay there is no advantage over hand 
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jumping-drills. To bore rapidly and continuously without breaking 

and the facility of ready adjustment are the chief recommendations of 

a boring-machine. The action of a machine rock-drill is so severe as 

Machines liable to suggest that it must knock itself to pieces, or irretrievably damage 

some of its parts ; and too often this is the result, only to be post- 
poned by slow working at moderate pressure. A strong, well-made 
machine, which will work effectually at moderate speed and pressure 
if the available power be small or if applied to easy work, and yet 
which will, without damage, work at high pressure and speed ii 
opportunities offer, is the one which is most remunerative in time 

Range of prcMure. and money. A machine-drill will work with a pressure of 20 lbs. 

See page 94, per squarc in., but a pressure of 50 or 60 lbs.* is best if the rock 

be hard and the machine well made Generally it will be found 

that additional capital outlay to obtain the best apparatus is amply 

Ample power repaid in a few weeks of working. Ample motive power should be 

provided, for although there may be periods of rest, during which 
steam may be generated, a machine when working to the best 
advantage demands a full and continuous supply. Even for small 
machines it is seldom advantageous to have, if worked directly by 

Boiler and engine, the Steam, a boiler of less than 6-horse power, and this will sufHce 

for two small machines. When the drill is worked by compressed 
air an engine of less than lo-horse power is seldom satisfactory. For 
each rock-drill employed, an additional expenditure of from ^20 to 
;£'3o for air-tubing and drill-steel must be reckoned, but for tunnel 
work, when compressed air has to be brought a long distance, the 
Pipes. ^^st of pipes is of course much larger. The proportionate power 

See^gesg4 6f>227, required for hard and soft rock occasionally varies with the depth of 

the hole, because there are some kinds of rock, such as sandstone, 
of which the chips and dust so choke the hole that, where long drills 
are needed, the aggregate frictionr more than equals the resistance 
of hard granite, although in the latter case the point and edges 
Limits of depth of the bit are blunted more. The limit of depth depends primarily 

on the power of the piston to lift the drill-rods in a vertical hole or 
to overcome the friction on the lower side in a horizontal hole. 
The maximum depth to which a machine rock-drill is efiective is 
about 30 ft., but the great majority of drill-hgles for explosives range 
from 3 to 6 ft. The depth of the hole not only increases the resist- 
ance, but diminishes the effective diameter of the hole or explosion- 
chamber, because, to enable the drills to clear themselves, the 
Tapering holes, diameter of the hole at each successive length becomes less, the taper 
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of a hole ranging from ^ in. to -f^ in. per foot And if the hole be 
at an upward angle, the weight of long drill-rods diminishes the effect 
on the point, but, on the other hand, assists in clearing the drill in 
the backward stroke. 

As the ultimate purpose of a drill-hole is the fracture of the rock, 
the effective use of a machine depends not only on its capacity, but 
on the skill with which the holes, in their direction, diameter, and 
depth are adapted to the kind and stratification of the rock, so that 
the explosive will split it most effectually. In this respect, the choice 
of method depends upon whether the mere removal of the rock is 
the object in view or whether the material itself is of value ; and, as 
in the case of slate, marble, or building-stone, where pieces of certain 
shape and size are required, the holing and breaking must do the 
minimum of injury to the pieces. The diameters of ordinary blast- 
holes range from \ in. to 2 in., but they are seldom less than i in.» 
except for plug-holes. The diameter depends, to a considerable 
extent, on the depth of the hole ; first, because, owing to the clear- 
ance space for the successive lengths of drill, the deeper the hole, 
the larger it must be at the outer end to allow of a taper towards the 
drill point ; and secondly, because the deeper the hole, the larger is 
generally the mass to be moved, the greater the effort required, and 
therefore the larger the explosion-chamber. It is often advantageous 
to explode first a small cartridge, which clears the hole and makes a 
chamber for the effective explosion. 

It is impossible to state exactly the depth of hole which a rock-drill 
will make in a given time, as the variety of circumstances to be taken 
into account is obviously very great Thus, while a good machine 
will drill as much as 6 in. per minute in hard rock, the adjustment 
of the machine as well as the withdrawal and renewal of the boring- 
bits occupies time so that, even with such a machine, from 70 to 100 
feet per day of ten hours, if maintained regularly with the same 
machine, may be considered satisfactory. The efficiency of a machine 
depends also on the kind and suitability of the accessories. For 
ordinary mining or prospecting, two 3-ia machines will generally 
suffice at each place of working, but for large tunnelling operations 
four or six 4-in. machines on one carriage become necessary if the full 
advantage of the process is to be obtained. The most rapid work in 
large tunnels can be carried oh in a heading 7 ft by 7 ft A simple 
tripod stand is sufficient only for the easiest cases, and it is almost 
always advantageous to have stands or carriages which allow of easy 
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adjustment in every direction, and yet which will remain steady 
under very severe work. 

A rock-drill with 3-in. cylinder costs about y^ioo, and to this 
must be added the cost of the stand. A tripod or stand of the 
simplest kind costs from ;^i2 to ;^2o, and weighs from 100 to 150 
lbs. ; but it is generally expedient to have a stand better adapted to 
various positions and steady under severe work ; such stands costing 
from ;^3o to ;^6o, and weighing from 100 to 250 lbs. A lo-horse 
power steam-engine and air-compressor sufficient for two, or even 
for four machines, if not all working at once, will cost about ;;^ 400, 

For rock-drilling on a large scale much more elaborate machinery 
is required. A carriage with air-container, and having six rock-drills 
attached to it, so that it can advance on a line of rails against a 
tunnel face, costs from ;£" 1,000 to ;^ 1,200, and the air-cqrapressing 
machinery and the numerous accessories would cost from ;;^ 2,000 
upwards. A complete equipment for the largest tunnelling opera- 
tions would cost about ;£^5,ooo if the full advantage of the machine 
process* is to be obtained. 

Steel of the best kind for the bits, hard for cutting and yet easily 
welded, is essential to the profitable working of a machine-drill. Such 
steel costs from ;^6o tO;^7o per ton. 

Rock-drilling is sometimes carried on under water. A machine 
fixed on a staging or boat can work through water as deep as icPft, 
but beyond this, the percussion of so great a length of drill without 
guides tends to break it, and it becomes necessary to place the 
drill near the place where it works. Rock-drills ilriay be worked by 
a diver in helmet and dress, or from a diving-bell, and while one 
tube supplies the compressed air to the machine, another, tube brings 
the exhaust-air to the surface, so as to avoid the back pressure 
on the piston if discharged into the bell. When the bell or caissoon 
is in water not less than 50 feet deep, the machine-drill may be 
worked by the compressed air in the bell. 

The rock-drill has been used almost exclusively as a preliminary 
and accessory to explosion, which however so breaks the rock or stone 
as to render the pieces of little valua But improvements have 
already (1880) been made by which the rock-drill, suitably mounted 
and controlled, may be traversed in a direct or curved line, so as to 
cut a chase or channel in the rock, and by mounting several drills on 
on^ carriage, several channels can be cut at the same time. By this 
means a curved or angular block may be cut on every side and 
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removed by the further aid of d3mamite. Rock-drills working in this 
way can cut a given amount of rock more rapidly than by holing, for 
in the latter case the successive blows in the same holes makes a 
resisting pad of dibris in front of the drill, while in traversing^ the drill 
always strikes on the edge of the preceding blow and breaks away 
the rock more easily. 

To allow a proper choice of apparatus for rock-drilling, some or all 
of the following information is required accordmg to the nature of the 
case. 

1. The general purpose and extent of the operation, whether in a 
quarry, tunnel or mine ; and some indication of the extent oV rate 
of progress required. 

2 . The kind of rock or stone to be drilled, its formation, and whether 
it is immediately accessible or covered with an upper stratum of other 
materials. If so covered, it is usual to dig a hole or sink a shaft so 
that the machine may be placed immediately on the rock. A draw- 
ing showing the mine-shafts, a section of the rock, and the direction 
of the holes is useful 

3. If for quarry work, the diameter and depth of holes required. 

4. AVhether steam or compressed air is to be used ; whether boilers, 
engines, or compressors are required ; or, if power is already provided, 
its kind and extent. 

In conclusion, it may be said that no kind of rock-drill and carriage 
that have yet (1880) been invented is suitable for all circumstances, 
and that, to obtain the maximum effect, the whole apparatus must be 
adapted to the particular purpose in view. The importance of 
affording a full knowledge of the circumstances of the case to those 
concerned in the choice or manufacture of the drill is therefore 
evident. 
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Dredgers (dragiies) are made of various kinds, shapes and sizes, but Dredgere. 
though certain novel systems of excavation have been introduced, 
the ckaracteristic feature, which is associated with the name, is the 
ladder or rigid frame which is suspended from a floating vessel, and 
upon which works the endless chain of buckets which scoop out the Mode of working:, 
ground as they pass round the bottom of the ladder, and deliver it 
as they pass round the top. The ladder is so hinged at its upper 
end that it may be raised or lowered to any angle, so as to bring the 
lowest bucket in contact with the ground at any depth within the 
range or capacity of the apparatus. 
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The following points are those which determine the design of a 
dredger, and they are so numerous and the combinations so varied, 
that it is seldom that a dredger which has been made for one place 
and set of circumstances is appropriate for another. 

1. The quantity of material and the depth of excavation are the 
two main factors which form the basis of a design. A deep ladder 
needs a strong framing and boat to support it, and powerful machinery 
to work it, and the weight and cost of the apparatus increase accord- 
ingly. If the depth be considerable, of course the expenditure of 
force may be moderated by having small buckets, which bring up 
only a small quantity of spoil. In dredging a channel in tidal waters, 
the ladder must be long enough for the range of tide. Thus, if a 
channel 20 ft deep at low water is required and there is a 10 ft. 
range of tide, the ladder to be always effective must be long enough 
to dredge at 30 ft. 

2. The kind of material which has to be excavated. For mud or 
silt or loose sand the operation is little else but lifting (the friction of 
the machine, which is considerable, having also to be overcome) ; 
while for hard sand, clay, or gravel the buckets as well as the 
machinery must be strong enough and have force enough to cut into 
the ground. 

3. The nature of the operation and the direction in which the 
work is to be carried on. Where a considerable area has to be ex- 
cavated, or where there is a wide range of water in which the dredger 
may float, it may be immaterial from what part of the boat the 
buckets work, as the boat can move from place to place as the excava- 
tion proceeds, but if a channel has to be dredged between shoals or 
close up to a shore or quay-wall, the dredger-ladder must be placed 
accordingly. Thus it can be placed in the centre of the boat, or two 
ladders, one on each side, may be used, or, the ladder may be 
made to project from either end. Thus, a dredger-boat, while floating 
may be arranged to cut away a shallow by the shore or even the shore 
itself above or below water. But in deciding on the position *of the 
dredging-ladder the mode and direction of delivery must be con- 
sidered. 

4. The delivery of the excavated spoil is usually into barges at the 
side of the dredgers, the full buckets as they turn over at the top of 
the ladder emptying into an inclined shoot, which discharges into the 
barge. If the ladder works in the centre of the boat, there may be 
shoots to each side, and, by a simple arrangement, the spoil may be 
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directed to the right or left hand to fill a barge on either side. Where 

the excavated material is of no value, and is merely dredged to 

deepen the channel, it is usual to discharge it into deep water in some Deposited in deep 

place where it will not be inconvenient, or to utilize it for raising or 

reclaiming land by depositing it on shoals. For discharging the Orontoihore. 

spoil into deep water what are known as hopper-barges are generally Hopper-barges. 

used for conveying the spoil, a false bottom or hopper allowing See pas* 401- 

it to be discharged readily at the desired place. 

A powerful dredging-machine will keep employed numerous barges, 
and if the distance for transporting the spoil be considerable, the barges steam-barges, 
may with advantage be propelled by steam, so as to bring them back 
to the dredger as soon as possible. Sometimes, however, the spoil is 
carried away in the dredger-boat itself, this plan having been adopted 
for instance in tidal waters when the dredger could only work for 
a few hours each day, and when therefore its steam-engine could be 
utilised for propelling the boat, such hopper-dredgers being arranged Hopper-dredgers, 
for discharging through a hopper or false bottom in the usual way, 
and a hopper-dredger can fill not only its own hold, but a barge 
also, which it can tow. This plan saves considerable expense in Compared with 
barges, tug-steamers, and labour, but against it has to be set the time ■****^*** w%^%, 
which the dredger-boat is withdrawn from its primary duty. Such an 
arrangement does not add to the cost of the dredger so much as 
would purchase steam-barges, but the saving in wages or other 
expenditure must be carefully investigated before the outlay is 
justified. There is the disadvantage in using a dredger-boat in this 
way, that when it is brought back to work, time is expended in 
adjusting and mooring it to the face which it was operating against. 
A decision can only be arrived at in each case by duly estimating 
the distance, the times of working, the wages of the workmen, and 
other circumstances. 

In cases where the dredged material is of value, as in the case of Dredged spoil 
river-sand for mixing mortar, or clay for bricks or Portland cement, 'vaTuaWe! 
it may have to be carried ashore ; and in such cases, it may be either 
removed by the spade and wheelbarrow, or by cranes and self-filling 
scoops, or by a land or floating dredger with buckets which discharge 
into wagons on the shore. The cost of conveying and depositing Delivery on shore, 
the spoil is generally as much as or more than that of dredging, and 
numerous plans have been tried to reduce the expense. Where mud 
which can be kept in a semi-liquid condition has to be dealt with, 
it may be discharged by pneumatic pressure, specially contrived 
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barges with air-tight chambers and steam-engines being employed.- 
As by this means the spoil can be forced 500 ft or more throu^^h 
a tube, the expenditure in fuel and wages for the steam-engine is in 
most cases less than that in wages for other methods. The plan of 
forcing through tubes may be adopted with advantage in recbuming 
land in water too shallow for the barges to approach. In nazrow 
rivers or canals, the excavated spoil is often dischaiged on to the 
shore as it is brought up in the buckets, by long shoots or pipes 
from the dredger-boat, this plan being, for instance, often adopted in 
the dredging of irrigating-canals, and it was adopted in the construe- 
tion of the Suez Canal, the channel being excavated and the banks 
formed by the one operation. Tubes as long as 100 ft can be 
suspended from derricks or masts erected for the purpose; and 
where, owing to the level of the shore, an incline sufficient for 
gravitation cannot be obtained, the flow of the spoil can be assisted 
by pumps. Sometimes, instead of an overhead shoot, a syphon-pipe 
conveys the spoil under water on to the shore ; in this case, as with 
the overhead shoot, the movement of the spoil being assisted by 
a copious flow of water supplied from a centrifugal pump. 

Dredger-boats as above described are costly, and the service is so 
severe that expensive repairs and annoying delays can be avoided 
only by having every part of the best and strongest kind The ladder 
is formed of wrought-iron, and the links which hold the buckets are 
either forged from high-quality iron, or of iron bushed with steel, or axe 
made as steel castings. The shape, size, and material of the buckets 
depend on the nature of the material to be excavated, but even for 
sand or mud it is usual to make the cutting lips of steel. To utilise 
a dredger-boat to the utmost, the steam-engine must be powerful and 
the connecting gear very strong. 

Dredger-boats are made at all prices between ;^3,ooo and ^^25,000. 
A boat 90 ft long and 15 ft wide, drawing i^ ft of water, with 
8-horse power engine arid machinery for dredging from the bottom of 
a canal 6 ft deep, would cost about ;^3,ooo. A boat 80 ft. long 
and 20 ft wide, drawing 4 ft of water, with 25-horse power engines 
for dredging 70 cubic yards per hour from the bottom of a harbour 
or river channel 25 ft deep, would cost about ;^4,ooo. A boat 
120 ft long, 24 ft. wide, drawing 6 ft. of water, with engines of 
40 nominal horse-power, and capable of dredging from a depth of 
25 ft. from 150 to 200 cubic yards of mud or sand per hour, would 
cost about ;^9,ooo, A dredger-boat 120 ft long by 33 ft. wide, 
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drawing 5 ft. of water, with engines of so-horse power, capable of 

dredging 300 cubic yards per hour from a depth of 40 ft., would 

cost from ;£^ 14,000 to ;;^ 16,000. A dredger-boat 160 ft. long, 

30 ft. wide, 10 ft. deep, with 70-horse power engine, capable of 

dredging 400 to 500 yards per hour from any depth between 7 ft. 

and 32 ft., with propelling engines for a speed of 5 miles per hour, 

would cost about ^24,000. A hopper-dredger, capable of dredging 

300 cubic yards per hour, and with carrying rapacity for 1,000 tons, co»t of barges. 

would cost about ;^ 2 5, 000. Hopper-barges, equipped with propelling 

engines and other appurtenances, and capable of carrying 300 to 500 

tons of spoil, cost from ;£^ 5,000 to ;^9,ooo. The exact cost of a 

dredger- boat or barge depends not only on the current value of 

iron and other materials at a particular time, but on the kind and Accessories and 

, , . J J !• . ^ • 1 duplicate parts. 

number of accessories and duphcate parts required. 

Dredger-boats are so costly, and the expense and risk of navi- '* ^'^404^ ' ' 
gating them across the sea are so great, that in foreign countries it -is 
sometimes sought to economize by importing only the machinery, 
and to utilize an ordinary vessel for holding it. But this plan Ordinary vessels 
cannot be adopted with advantage, as the size, arrangement, and 
construction of the boat must be specially suited to the purpose in 
view. It is possible sometimes to build a suitable vessel in a place 
where the machinery itself cannot be made, but as iron boats are 
generally , preferred, it is seldom that they can be built except in 
places where the machinery also can be made. Sometimes, how- 
ever, the dredger-boats are imported in pieces, and put together in the Dredgers sent in 
place where they are to be used, and in other cases the wood-work 
and internal fittings are made in the importing country. The cost 
of navigating a dredger-boat across the ocean is sometimes very great or sent complete, 
(from ;^i,ooo to ;£'3,ooo has often to be paid, including insurance), 

J -^L ..L i. r r • 1-^ 1. • J • Cost of navigation. 

as compared with the cost of freight when carried in pieces as cargo ; 
but against any saving so effected, has to be set the cost and risk 
of putting the machinery together in a foreign country. Hopper- 
dredgers allow a saving in this respect, as they are large and strong 
and cost less for navigation than a dredger-boat and separate barges. 
Although the work of dredging has been greatly improved, and 
the cost reduced, there is always the disadvantage in the machines 
just described, that, owing to the friction of the bucket-links passing ^'^*****°i,i'nJ^****'" 
round the ladder, and the weight of the machinery to be moved, the 
etfective work done as measured by the weight of spoil lifted to a 
certain height is only about one-third of the power employed. But 

DD 
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SO cheap is the force which a steam-engine can give out when com- 
pared with manual labour, that even with these disadvantages, sand, 
mud, or clay can be excavated and lifted very cheaply ; the cost, 
including interest on the outlay for the dredger, and all other 
expenses of dredging at a depth of 25 ft. below the water level, and 
delivering at a height of 10 ft. above the water, ranging from 3d. 
to 9d. per cubic yard. In the case of hard clay, gravel, or clay with 
large boulders, the cost ranges from yd. to 2od. per yard. The cost 
of conveying and depositing the spoil depends on so many circum- 
stances that limits as wide as for dredging are necessary. Probably 
4d. to 2od. will include the great majority of cases. A cubic yard 
of spoil weighs approximately one ton. 

Various plans have, however, been tried of subaqueous dredging 
by other and simpler means. 

A steam-crane, fixed in a floating barge, may be used for lifting 
the self-acting scoops already described, and an apparatus of this 
sort (usually known in America as a dipper-dredger), though 
perhaps not so suited as an ordinary ladder-dredger for long 
and continuous service, will do effective work, with a much less 
capital outlay. The buckets may be made to hold any quantity 
between 10 and 40 cwt., and will dredge from a depth of 20 ft. from 
200 to 700 tons of mud, or from 100 to 400 tons of clay per day, 
according to the size of scoop. A complete equipment of steam- 
crane with a radius of 1 8 ft., with scoops, chains, and other neces- 
sary accessories except the barges, costs from ;^5oo to ;^ 1,000, 
according to size. By this plan excavation may be carried on in 
corners and narrow places inaccessible to an ordinary dredger. 
Sometimes the crane is flxed upon a wharf or jetty and discharges 
either into trucks on shore or into barges. 

This application of self-acting scoops to dredging has been 
attempted on a larger scale than that just described, and in vessels 
specially built for the purpose. The bucket is suspended from a 
rocking-beam so well balanced as to require in order to work it 
only a small proportion of the power necessary for the ladder 
buckets and other machinery of an ordinary dredger. The rocking- 
beam is worked either by a steam-engine or by hydraulic power, 
and is so arranged that it can dredge at any level from 6 ft. above the 
water surface to 30 ft. below, as may be required. For mud or 
sand no power need be applied to the scoops except that of lifting, 
but for hard clay or ballast a hydraulic ram attached to the end 
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of the beam gives the necessary thrusting motion. Dredger-boats 
completely equipped with apparatus of this kind would cost only 
about two-thirds of an ordinary dredger-boat of similar capacity, and 
if they prove able to work continuously without difficulty or inordi- 
nate repairs, they will probably be widely adopted. 

All the dredgers which have been here described have some 
moving machinery by which the material is grasped and lifted in 
buckets, but for soft mud or sand it is endeavoured to bring up the 
spoil in pipes without any such moving mechanism. This plan can 
be carried out either by water or air pressure. In the former case it 
is endeavoured so to stir up or loosen the sand or mud that a chain- 
pump, centrifugal-pump, or other pump not liable to be choked, 
will raise the spoil in a semi-liquid state. A jet of high-pressure 
air or water directed to the desired place is the means generally 
employed for this purpose. 

There are various methods of applying air pressure. Thus, the 
soil may be forced upwards directly by the compressed air, either as 
presently described in the case of air caissoons, or by means of a 
special apparatus of vacuum chambers and air-pumps, which maintain 
a vacuum in pipes pushed into the sand or soil to be excavated ; a 
second pipe with compressed air or pressure-water scouring out the 
soil and assisting in forcing it up the vacuum pipe. The spoil can 
be propelled 500 ft or more in the pipes if required. It will be 
seen that by this plan the spoil is really lifted up by pumping, the 
combination of vacuum on the one side to increase the effect of the 
air pressure on the other, being the peculiarity. By these plans 
of excavating by means of pipes and pumps, there are the advan- 
tages that much of the machinery and plant of an ordinary dredger- 
boat are avoided ; and the pipes occupy so little space as to be 
applicable in cylinders or caissoons where there may be not room 
for moving buckets, and also in narrow spaces and comers in 
harbours or docks. But there is the disadvantage that in lifting the 
spoil in a liquid condition, it is generally necessary to lift with it an 
equal or even greater quantity of water, the weight of which, of 
course, has to be deducted from the effective service of the motive 
power. 

In designing or selecting dredger plant for use in any particular 
case, the following are the leading points which have to be con- 
sidered, and on which full information should be supplied to those 
concerned. 
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1. The purpose to be effected, wheiher the removal of a bar, the 
deepening or widening of a river channel, the removal of banks or 
shoals, or the clearing of a dock. 

2. The space available for the dredger, as in a wide or narrow 
river, harbour, or canal ; and any particulars which may determine 
the direction of delivering the spoil from the buckets, whether into 
barges alongside, or at the end of the dredger-boat, or on to the 
shore. The above particulars may be given with advantage on a 
map, plan, or chart, on which also may be marked the soundings 
and the depth of excavation which is required. 

3. The lift of tide, or the range of flood level, and the strength of 
current. 

4. The nature of the ground to be excavated, and if varying 
according to depth, a section as nearly as may be of the strata ; 
and if boulders, sunken trees, or other obstructions are likely to 
occur, their probable kind. 

5. The periods of working, whether permanent or occasional, at 
tidal or other intervals, and the amount of excavation required in a 
given time. 

6. Particulars regarding the depositing of the spoil in barges, 
whether in deep or shallow water, or on shore ; the distance from the 
place of excavation ; the mode of conveying the spoil, and the time 
occupied in transit ; and any circumstances which may help to deter- 
mine the kind of hopper-barges required, or the expediency of 
conveying the spoil in the dredger-boat itself 

7. Whether living room is to be provided on board the dredger, 
and if so, for how many men, and the storage space required for 
fuel, water, and provisions. 

8. Particulars as to the length, width, and depth of water of any 
locks, dock-entrances, quays, or other spaces, which may affect the 
shape, dimensions, or draught of the boat. 

9. The kind of fuel to be used, and its cost. 

ID. The kind of water available for the engine-boilers. 

1 1. Whether the dredger-boat will be exposed to rough seas or 
winds, extremes of climate, marine worms, and any particulars which 
will guide the choice of propelling power, anchors, cables, and other 
equipments. 

12. Under whose management the dredging operations will be 
carried on, and the kind of workmen and superintendents available 
for managing. 
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13. The means of transport to the site of operations, and whether Transport to site. 



the dredger-boat is to be navigated complete to its destination or 
sent in pieces. 

14. The facilities for repairs, and such other particulars as will 
determine the number of duplicate parts required. 



Duplicate parts. 
See pages 41 &* iSo^ 



Pile-drivers are worked either by hand or by steam-power, the 
latter giving ten times as many blows as is i)ossible with hand labour 
and at much less expense. The falling ram of a pile engine is 
generally of some weight between 8 and 20 cwt., the latter being 
very rarely exceeded. For lighter rams, "ringing-engines " only are 
used, the weight being lifted by a hand-rope passing round a pulley. 
The winch of a hand-machine is worked by single power, whatever 
the weight, as double-power would be too slow \ the number of men 
being increased from two to five, according to the weight. Steam- 
machines are also worked by single-power, so as to obtain speed ; and 
it is inexpedient to increase the weight of ram beyond that which the 
steam-engine is arranged for, as the additional weight can only be met 
by increasing the steam-pressure. 

The suitability of a pile-driver depends not only on its action when 
working, but on various secondary points, such as portability, facility 
of adjustment and attachment As pile-drivers have often to be 
pushed forward on a slight or overhanging stage, lightness is essential \ 
and at the same time the apparatus must be stable enough to serve 
as a derrick for dragging and lifting the piles into position. I'he 
various automatic movements for catching and releasing the ram 
are now well understood, and are common to most pile-drivers, the 
more modem improvements being in the direction of portability, in- 
creased scope, driving diagonal as well as vertical piles, and such 
methods of construction as will allow of a pile being driven below the 
level of the stage on which the machine stands, without the interposi- 
tion of a driving-piece or " dolly '* between the falling ram and the 
pile head. Such machines are known as " telescope " pile-drivers. 

Where a continuous wall of piling is required, as for a cofferdam, 
it is usual to drive first separate " gauge-piles " at intervals of about 
15 ft, arranging these very exactly in the desired line. These piles 
are then connected by horizontal walings, so as to form a guide or 
frame-work within which to drive the continuous or sheet piling. The 
last pile in each bay is made of special width, so as to fit tightly into 
the space left for it, and as a key or wedge to squeeze all tightly and 
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closely together. The proper driving of the piles greatly depends on 
the correctness of the preparatory work and on having the lower walings 
near the ground. Sometimes a ringing-engine or light machine 
worked from a barge is used for driving the advance piles, on which 
can then be constructed a staging for a heavier machine ; but even 
for advance work of this sort, steam-power can often be employed 
with but little additional weight, by detaching the engine from the 
machine and leading only the chain to it But on 'a suitable staging 
or even a floating barge, the weight of the engine is an advantage as 
affording stability. Sometimes the engine is complete with boiler, but 
in other cases, the steam is brought from a detached boiler, often 
from that of a portable engine. 

The proper pointing of a pile has much to do with the correct- 
ness of the driving, for unless the point is true with the centre line 
of the pile, and the iron shoe also truly fixed, the pile is apt to go 
wrong. Gauge piles or staging piles should have diamond-shaped 
points, that is, tapered square exactly the same on the four sides. 
Any unevenness in this respect causes the pile to diverge from a 
vertical line. But for this reason, in sheet-piling the points are 
bevelled more on one side than on the other, so as to cause the pile to 
press against the preceding pile, so ensuring a close wall. 

Pile-driving machines are generally made from 35 to 40 ft. high, 
and a manual machine has generally a base about 8 ft. square. 
Including one 15-cwt. ram, such a machine would cost from ^50 to 
£fiOy or if, as is sometimes preferred for export, the wood-work be 
omitted, about ;^3o less. The usual height of a steam-machine is 
40. ft., the base is from 8 ft to 10 ft. square, and the weight when 
fully equipped is from 6 to 7 tons. Such a machine costs from 
^250 to ;^35o, or about j[^^o less if the wood-work be omitted. 
Higher or stronger machines are occasionally made for very large 
piles, and also for driving iron piles. For any but large machines, 
it is usual to furnish the base with wheels, so that it can move along 
a line of rails laid for the purpose, a gauge of 7 ft or 8 ft being 
generally most suitable. 

Discrimination is needed to determine the most suitable weight of 
ram and height of fall. Generally a heavy ram and moderate fall wll 
do more effective work than the same aggregate force with a lighter 
ram and greater fall. On the other hand, the energy of a heavy ram 
may be expended in crushing the pile instead of forcing it downwards. 
The thickness of the pile, the kind of wood, and the nature of the 
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ground are the principal points which determine the weight of the ram 
and its fall, but the depth of insertion, and the consequent friction to 
be overcome, have also to be considered, and for these reasons the 
ram is changed sometimes in the course of driving a single pile. 

As much of the expense in pile-driving is in the cost of staging, of 
placing the machine, ringing and shoeing the piles and pitching them, 
the cost of driving would, if stated per foot, be more for a small depth 
to be driven than for a greater depth, as these preparatory expenses are 
about the same in any case. In any contract for pile-driving, these 
circumstances must be taken into consideration, and if it be desired 
to arrange a schedule, then it is better to specify first a fixed price 
per pile and then a rate per foot But even this is not enough if the 
strata be unknown or variable, as the cost of driving obviously 
increases as the pile becomes tighter in the ground, and a higher rate 
beyond a certain depth becomes necessary. An experienced con- 
tractor is, however, often able to meet all these contingencies by an 
average price, or is willing to take the risk for a certain sum of money. 
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Diving apparatus^ as used in engineering operations for enabling 
men to work under water, is of five principal kinds : the helmet and 
dress, the diving-bell, the air-lock bell, the air-cylinder, and the air- 
caissoon. The main circumstance which limits the application of all 
these systems is the depth of water. In the diving-helmet the 
air-supply must be of sufficient pressure to force open the escape- 
valve for the impure or already-breathed air against the head of 
water, and therefore the pressure from the air-pump must always 
slightly exceed that of the water, which is nearly \ lb. per square inch 
for each foot of depth (43 J lbs. for 100 ft.) 

The improvements in the diving-helmet and dress have removed 
the risks which were unavoidable in the earlier and less perfect 
apparatus, and minimise the inconveniences of breathing under 
pressure, as the diver has now a ready means of controlling the air- 
supply. It is found that no difficulty arises up to a depth of 50 ft. ; 
that a diver after a little practice can as well descend 80 ft. ; and 
beyond this, up to 150 ft., the depth at which work can be con- 
veniently carried on depends on the constitution of the men. There 
are many divers who cannot descend more than 80 ft. There are 
few who can endure more than 100 ft., and 150 ft. may be con- 
sidered the maximum depth to which the strongest men will descend, 
although a few instances of endurance in a depth even of 200 ft are 
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recorded. Not only are the difficulties of breathing intensified at 
these great depths, but the pressure over the whole body becomes 
unendurable. The helmet, dress, air-pump, and other appurtenances 
forming a complete apparatus, as suitable for an engineer or con- 
tractor, costs from ;^ioo to £,^20, The air-pump is the most 
expensive part of the apparatus, and as one set of pumps can, without 
proportionate extra expense, be made large enough for supplying two 
divers, a double equipment only costs about £\^o^ but the pumps 
must be specially arranged for the purpose, to enable them to supply 
air at varying pressures, as of course the two divers will not be always 
exactly at the same depth. A light apparatus, such as is sometimes 
carried on board ship for examining the hull, and suitable for depths 
of 40 ft., can be purchased for about ;^6o.^ 

Diving-bells may be made either of cast or wrought-iron, and if 
of the latter, there is a ledge outside on which to place kentledge 
or other weights which force the descent A diving-bell of ordinary 
size is 6 ft. long, 4 ft. 6 in. wide, and 5 ft 10 in. high. Round the 
inside of the bell is a seat high enough to keep the men's feet clear 
of the water. There are generally four lenses of thick glass on the 
roof; there are of course openings or inlets for the air-tube, and 
there is a relief or safety valve. There are usually four suspending 
chains attached to strong eye-bolts passing through the roof, and 
from these eye-bolts loads can be suspended and deposited as the 
diver may direct 

As a larger surface of water has to be held back, a more con- 
siderable escape from the mouth of the bell made good, and there- 
fore a larger volume of pressure-air maintained than in a diving-helmet, 
larger pumps are necessary ; but on the other hand the maximum 
pressure per inch w^hich is required for divers in deep water does not 
occur in the bell, as the limit of depth within which men can safely 
work is much less. For, while a man can endure on the small 
surface in the helmet where the air supply is guided and controlled, 
a pressure to overcome a head of water, of from 80 to 150 ft., the 
pressure in a bell becomes oppressive beyond 50 ft., ai]d 80 ft. may 
be taken as the greatest depth. Indeed, as diving-bells are generally 
employed for subaqueous structures, and not for the exploring and 
other miscellaneous work of a diver, the depth in ihe great majority 
of cases does not exceed 40 ft A diving-bell complete with air- 
pumps and tubing, and with three tons of iron weights, costs about 
;^2oo, but these prices do not include the cranes or other lifting 
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apparatus. The cost and inconvenience of lifting and moving diving- 
bells greatly limits their use, the diver in helmet and dress is generally 
preferable; and where an air-chamber is necessary, the diving-bell 
has been supeirseded for many purposes by air-lock bells and air- 
caissoons. 

Air-lock bells resemble diving-bells in being open at the bottom 
and in having a working chamber filled with compressed air of force 
sufficient to hold back the water ; but, unlike the ordinary diving- 
bell, they are always accessible from the top. The air-chamber b at 
the bottom is made of a size sufficient for the work to be done in it, 
and its height being limited to that convenient for the workmen, 
the space to be kept full of air is of moderate extent. Above the 
air-chamber there is a cylinder or tube, large enough for men to pass 
through, reaching above the surface of the water and open to the 
atmosphere ; and at the junction of this tube with the air-bell below, 
or, in some cases, at the top of the tube, is a lock or chamber a 
with a door and air-cock at each end, so that as communication is Mode of working, 
opened either with the compressed air below or with the atmosphere 
above, the men can pass in and out, and excavated materials can 
pass also. The air-bell may be lowered into its place by chains from 
above, but the lowering, raising and moving from place to place 
are rendered easy by means of the displacement in the working 
air-chamber, and also in other spaces c provided for the purpose 
above, which not only are equal to the weight of the bell itself and 
appurtenances, but to suspended loads also. On the other hand, the 
air-spaces can be filled with water, and ballast weights attached, so 
that the buoyancy can be adjusted and controlled. 

Air-cylinders somewhat resemble the bell as just described, as they 
are open to the atmosphere above, and have a working chamber 
below with an air-lock between, but they are generally permanent 
structures. That is to say, they are to serve as bridge piers, and 
when by means of excavation in the working chamber they have 
reached a firm foundation, the chamber is filled with concrete, the 
air-lock is removed, the entire cylinder also filled with concrete, or 
left as an iron column to support the bridge above. If a base larger 
than the column is wanted to afford sufficient bearing on the ground, 
the working chamber may be made of larger diameter than the upper 
part Cylinders are generally forced down by weights, an ordinary 
plan being to place iron or stone on a timber framing on the upper 
tier. But by this plan a cylinder is apt to become top-heavy, and 



Buoyancy 
adjusted. 



Air-cylinders. 



Bridge piers. 

S*e Bkidcbs, 
Part /. 



4IO 



Mathesons Aid Book, 



[Chap. XXVI. 




Cylinders of 
brickwork. 



See also SAND-ruurSf 
^ge 41 i. 



Cost of apparatus. 



Air-caisaoons. 



How made. 




Limits of depth. 



if the weights can be placed inside and low down, the sinking can be 
more safely effected. In such a case the lower tier may form a 
working chamber a, and the tier above an air-lock b ; a solid ring of 
brick-work or concrete being built up to give weight and stability. 
When the cylinder has penetrated to the desired depth, the air-doors 
may be removed, and the cylinders filled up solid with concrete. Or 
it may, in some cases, be possible to still further simplify the process 
by omitting the outer iron casing above the air-chamber, and, instead, 
to build a cylinder of brick-work, the latter being built as on a Ooating 
caissoon, course by course as the caissoon sinks, an inner tube of iron 
allowing access to the air-chamber as in the air-lock bell During the 
sinking of cylinders by the pneuniatic system, if a very soft stratum 
be met with, the pumping may be reversed, a vacuum created, the 
material being forced into the cylinder by the atmospheric pressure, 
which at the same time, pressing on the outside of the cylinder, forces 
it downwards.- 

The pumps, air-doors, valves, and tubing suitable for an air-chamber 
6 ft high in a pier-cylinder 8 ft. diameter would cost about ;;£3oo, and 
from this upwards there is a wide range, the power necessary in the 
pumps increasing rapidly with the volume of air to be supplied, and with 
the density or degree of compression as determined by the depth 
of water. 

The Air-caissoon is an amplification of the air-cylinder, and is used 
where large foundations are needed. In this case, when the excava- 
tion is concluded, and the air-chamber b filled with concrete, a solid 
pier of concrete or masonry (as dotted) is built above it, and the tube 
a and air lock f removed. The sides dd of the caissoon may be of 
iron or timber, or both combined, temporarily strutted inside with 
timber during the building of the pier within ; or if it be built of 
concrete, walls only of moderate strength would be needed, the 
space within being kept filled with water till the concrete displaced 
it, the pressure of the water inside balancing that without. The most 
notable example of an air-caissoon occurred in the construction of the 
foundations of the St. Louis bridge over the Mississippi, where the 
air-chamber was 82 ft long and 60 ft. wide, and the bridge subse- 
quently built over the East River at New York. 

The experience gained in the building of these foundations is of 
great value. The air-pressure at a depth of 1 20 ft. proved fatal to 
the workmen, but it was found that healthy men could work safely at 
a depth of from 80 ft. to 90 ft if only subjected to the pressure for 
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about an hour at a time, and if the change to the open air was made 
gradually. But 80 ft. is the maximum depth to which the system of 
air<aissoons can safely be reckoned on. 

Advantage may be taken of the compressed air in cylinders and 
caissoons to work machines. Thus sand or mud may be removed 
by means of a pipe from the air-chamber below open to the atmo- 
sphere above. The spoil being heaped round the mouth of the pipe 
and a cock opened, the air-pressure will force the spoil upwards. 
Where rock has to be excavated, holes for explosives may be made 
by percussion rock-drills of the ordinary kind by means of the com- 
presssed air, if a tube from the exhaust orifice of the drill-cylinder to 
the atmosphere above relieve the piston of back pressure. Of course 
where the compressed air is used for supplementary purposes of this 
kind the air-pumps must be equal to the extra demand 
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In diving apparatus of all kinds it is of the utmost importance, for 
safety to the workmen, that the tubes, valves, and other parts should 
be of the best quality, kept in good order and tested periodically. 
The engineer or manufacturer to whom the design or choice of 
apparatus is entrusted should be fully informed of all the circum- 
stances of the case, namely, of the purpose in view, of the other 
appliances with which the apparatus is to be combined, and of the 
depth of water. 

Although considerable improvements have been made in the 
various pneumatic apparatus just described, such systems are neces- 
sarily troublesome and expensive, and while the helmet and dress 
are cheap and available for a variety of purposes, air-cylinders and 
caissoons should be used only when simpler methods are found to 
be too difficult or impracticable. The invention of automatic ex- 
cavating-machines which can be worked from above, are in many 
cases rendering the use of compressed air unnecessary. 

\See also Steam-engines: Cranes: and in Part L Railways: 
Harbours and Docks.] 
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Portland cement, since its first introduction about 1840-50, has 
grown rapidly in favour with engineers, and its manufacture has 
attained enormous proportions in England and elsewhere. The name 
is misleading, for the cement is not made at Portland, but was so 
designated at its first introduction, because the concrete made with 
it had a supposed resemblance to the well-known Portland stone. 
When mixed with sand and moistened with water, Portland cement 
binds stone or brickwork together with a strength and hardness 
unattainable by any other kind of mortar, but it is when made into 
concrete or btton that it has its highest value. By its use as a sub> 
stitute for masonry, and especially from the manner it sets in water, 
and the facilities which it therefore affords for subaqueous structures, 
cement-concrete may be said to have revolutionized the art of the 
engineer. 

The ease with which the materials for concrete may be brought to 
the site of building works and there made into blocks of the desired 
form or weight, is an advantage which allows of building operations 
otherwise impossible. There is hardly any limit to the size of block 
that can be made, the difficulty arising only in the moving theofi. 
Cranes for lifting 30 tons are frequently provided on public works, 
but for heavier blocks special apparatus is contrived, or the blocks 
are floated on rafts or pontoons. Besides this, homogeneous walls 
of any length can be moulded in situ without being composed of 
separate blocks. New uses are continually being found for cement 
and concrete, whereby not only the cost of transport but the wages 
of skilled masons and bricklayers are saved. 

The quality and cost of cement depend principally on the locality 
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where it is made, on the kind of materials there available, and on the 
methods of manufacture adopted The best Portland cement is made 
from a mixture of chalk (carbonate of lime), with certain kinds of 
clay (silicate of alumina), in proportions, speaking broadly, ranging 
from about 3 to 4 of chalk to i of clay, according to the kind of 
chalk ; and these materials (of which about two tons are needed for 
each ton of cement), having been thoroughly mixed, are calcined 
in a kiln and ground to powder. 

The principal Portland cement works in England are situated near 
London, on the rivers Thames and Medway, where there is a com- 
bination of advantages existing nowhere else in the world. The chalk 
and clay are found close together on or near the river bank, and 
yet quite separate, so that the proper proportions can be exactly 
measured ; the coke from the numerous gas-works of London affords 
a cheap and plentiful supply of suitable fuel ; and the situation of 
the factories allows the cement to be loaded into barges, coasting- 
vessels and export* ships at a trifling expense. 

There are many varieties of detail at all stages of manufacture ; but 
up till 1880 the largest proportion of cement has been made by 
mixing the chalk and clay together in what is known as a wash-mill, 
in which they are stirred together in water by revolving harrows, and 
by causing the mixture, when thoroughly amalgamated into a consis- 
tency like milk, to flow into shallow reservoirs or " backs,'' from which 
the surface water is gradually allowed to flow away or dry up, till 
there only remains at the bottom what is known among English 
makers as " slurry " or "slip,** of about the consistency of butter. To 
still further dry the slurry by mere exposure to the air would, in the 
English climate, take too long a time, and artificial heat is employed ; 
an ordinary plan being to lay the slurry on drying-floors near the 
kilns. These drying-floors are heated in various ways : in some 
cement works by ordinary fires ; in others, where coke is made, by 
heat from the coking-ovens ; while in some cases, the heat given 
off by the calcining kilns during the process of burning and cooling 
is utilized in connection with the drying-floors. One modern method 
of drying the slurry is to pump it into a long chamber communi- 
cating with the top of the kilns in such a manner that the whole of 
the heat from the kiln passes through the chamber and over the 
slurry ; and in some cases the chambers are covered with iron plates 
upon which a further quantity of slurry is dried. 

The slurry having been dried to a consistency approaching that of 



Made of chalk 
and clay. 



Cement- making 
in London. 



See CoKBf page nS. 



Method of 
manufacture. 



Mixing of the 
chalk and clay. 



Drying of the 
■lurry. 



Drying •floors. 



414 



Mathesons Aid Book. 



[Chap. XXVI r. 



The dried slurry 
calcined. 



Clinker. 



Broken and 
ground. 



Fuel consumption. 



Improved methods 
of mixing. 



Settling-backa 
avoided. 



Advantages. 



Disadvantages. 



Grinding by 
mill-stones. 



ordinary chalk (but still containing much moisture), is then broken 
into pieces and placed with about an equal bulk of coke in a kiln and 
calcined ; this operation of burning and that of afterwards cooling 
occupying about three days. The resulting ^' clinker," as it is called, is 
intensely hard and of a dark grey colour. The next process, after 
picking out and throwing aside all imperfectly burnt clinker, is to 
break it by rollers or by a stone-crushing machine into pieces about 
the size of a walnut ; and it is then ground to powder between mill- 
stones, with almost as much care as that necessary for flour, and to 
the same fineness. Including the fuel for the engines, the total 
quantity of coal and coke required for all operations is about half a 
ton for each ton of cement 

Continued attempts are made to cheapen and improve the fore- 
going plan of manufacture. Thus, it is endeavoured to avoid the long 
process of setding in backs (which in the English climate occupies 
from 4 to lo weeks), by grinding the chalk and clay together between 
millstones directly from the wash-mills (where less water is used 
than in the ordinary process), and taking the resulting slurry or paste 
direct to the drying platforms. There is much to be said for and 
against this method. On the one hand, the large space occupied by 
the backs is saved, as well as the labour of digging out the deposit and 
carrying it to the drying-floor. Moreover, the particles when depo- 
sited in the backs, not being of equal gravity, tend to separate, and 
are not, after settling, so intimately mixed as when they flow out of 
the wash -mill On the other hand, the amalgamation by grinding is 
more expensive ; and the slurry, though containing less water than 
that from a wash-mill, yet when taken direct to the drying-floors, 
obviously requires more fuel in the evaporation of that water, which, 
in the ordinary method, partly flows away and is partly dried up by 
the sun. As the cement made according to either plan is found to 
fulfil the same conditions and to command (1880) the same price, 
the advantages of one over the other probably depend on the local 
circumstances of the manufacture, whether there is much space 
available for settling-backs, or whether the expense of acquiring 
land is not in particular cases better bestowed on grinding- machiner)*^ 
for the drier process. Improvements have been attempted in the 
various processes of mixing, drying, burning and grinding in all the 
countries where cement is made, and numerous inventions have 
been patented. These need not be further described here, but in 
regard to the grinding it may be said, that no plan of avoiding the 
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use of mill-stones has succeeded with cement any more than with 
flour. 

The quality of Portland cement and its fitness for the purposes of 
the engineer are ascertained primarily by testing the tenacity of blocks 
of neat cement moulded for the purpose ; and for convenience, and 
to allow of comparison, test-blocks of standard size have been estab- 
lished; the custom in England being to use briquettes i^ in. thick, 3 in. 
wide at the ends, reduced to i^ in the middle. These briquettes, after 
being moulded, are allowed to set for a certain time in a dry 
place, followed by immersion in water. The briquette, after this 
period of setting, is held at the ends and torn asunder, and breaks in 
the middle as the weakest place. Assuming that the test has been 
properly conducted, the strain necessary to break good English 
cement will range from 500 to 1,200 lbs., and this wide range of 
difference is not yet thoroughly understood, though it is probably 
due to variations in the testing as much as in the manufacture. It 
has been found that strength cannot be assured unless the cement 
be of a certain weight, and that in proportion to the weight of the 
cement does the importance of fine grinding increase. Therefore 
conditions in regard to these points also are demanded by engineers. 
The weight of cement ranges from 105 to 115 lbs. per imperial 
bushel (1*225 cubic feet), according to the thoroughness of the burning 
and the fineness of the grinding. The fineness is stated according 
to the mesh or sieve through which the cement will pass with a 
specified residue, the mesh ranging from 40 per inch (1,600 orifices 
per square inch), to 5,000 orifices per square inch. The maximum 
degree of fineness is adopted by some continental makers, but it is 
very doubtful if the increased cost of such fine grinding is met by 
any increased value in the cement. 

A usual specification of quality in England is that which pre- 
scribes a test briquette of 2^ in. sectional area, which shall after 
being moulded, remain 24 hours to set dry and for six days imme- 
diately afterwards- in water, and then withstand a tensile strain of 
300 lb& per square inch (equal to 675 lbs. on the 2^ in. briquette) 
before fracture; further that the cement shall weigh 112 lbs. to the 
bushel, and be of a fineness to pass through a mesh of 40 per inch or 
1,600 to the square inch, with a residue of only 10 per cent ; or 
through a mesh of 2,500 to the inch, with a residue of 20 per cent. 
Cement which will fulfil these conditions may (1880) be considered of 
good merchantable quality, and it will generally be found that much 
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of the cement supplied on such a specification by manufacturers 
of repute will really bear from 700 to 1,000 lbs. on the briquette, 
according to the skill or method of making and the manner of 
testing; but if these higher tests are prescribed as an essential 
condition, there is a risk that they may be satisfied at the expense 
of durability in the concrete. 

The usual tests given above have been found sufficient for public 
works of magnitude and importance ; and vast quantities of cement 
purchased for export on such a basis have proved satisfactory. But 
there is a tendency among some engineers to demand still higher 
standards both in regard to fineness and tenacity, and involving a 
greater weight also. Thus in England, breaking-strains of 350 and 
even 450 lbs. per inch (equal to from 780 to 1,000 lbs. on the 2^ in. 
briquette) are sometimes demanded ; and it is found that by care in 
mixing, and hard-burning, such a test can be satisfied at a trifling 
cost per ton above the nominal price, but certain risks are involved. 
These higher standards of quality have been set up by engineers 
and manufacturers in countries where the materials and fuel for 
cement are more costly than in England, and where, therefore, there 
is every inducenient to obtain, by improving the quality, the maxi- 
mum binding power from a given quantity of cement. In Ger- 
many -not only is the high breaking-strain demanded, but in regard 
to fineness a mesh of over 5,000 per square inch is prescribed. The 
expediency of such high standards is to a large extent determined 
by secondary considerations. Thus, while on the Continent the 
materials are dear and labour is cheap, in England the reverse is 
the case, and any extra labour necessary to a higher quality may 
cost more than it is worth. For English cement is very cheap, 
and if compared with lime, or any cement other than Portland, is 
immensely superior. Moreover it is the opinion of many of the best 
English makers that this extreme fineness affords no advantage. 

When a reasonably good quality can be assured, it is in all trades 
generally desirable, in order to obtain the advantages of competition 
among numerous sellers, to conform to the ordinary commercial 
usages, for exceptional conditions may cost more than the apparent 
gain. But considerations such as these need qualifying, when the cost 
to the purchaser is much enhanced by expensive carriage or import 
duties, because if these are assessed by weight, they bear a less pro- 
portion to the original price as the quality is higher. If therefore it 
were found that higher standards of strength and quality could be 
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met without inordinate cost, the foreign purchaser would gain by 
adopting them. For instance, if at the factory where ordinary cement 
is selling at 35s. per ton, a grade 10 percent, higher could be obtained 
for 40s., the extra cost would be unduly high; but if, owing to carriage 
and other expenses, the ultimate price to the purchaser for the 
ordinary cement is 80s, then the gain of 10 per cent, in quality 
will be cheaply purchased for the additional 5s. per ton. 

But it would not be safe with the present (1880) knowledge of 
cement, to act on considerations such as these. Increased strength 
can only be obtained by increasing the quantity of chalk or lime, and 
burning the cement very hard ; and, although this may appear to 
involve only increased cost, actual harm may result, for there has not 
yet been sufficient experience to prove the durability of cement so 
made, and whether the extra quantity of lime may not, in the course of 
even a few years, tend to the deterioration of mortar or concrete so 
made. Moreover, the superiority which some cements seem to have 
as compared with other kinds, and the higher standards which have 
been set up in consequence, may to some extent arise from dif- 
ferences in the mode of testing. Unlike the testing of iron, brick, 
wood or other materials of construction demanding no preliminary 
treatment, cement requires much manipulation, and, at each of the 
numerous stages in the operation, a slight variation in treatment 
may involve wide differences of result, not caused by real differences 
of quality; and therefore, while the testing of cement, properly 
performed, is of great value, it is dangerous to draw conclusions 
unless the circumstances are alike in all the cases which are com- 
pared. The making of the briquettes requires great care and expe- 
rience. The freshness or age of the cement, the temperature, the 
quantity and quality of water with which it is mixed, the manner 
of moulding the briquette and of removing it from the mould, 
the temperature in which the setting takes place, the length of 
time in setting, and whether in or out of water; all these circum- 
stances affect the quality of the briquette And when the briquettes 
are made, the manner of holding them during the test strain, and 
the manner and rapidity of applying and measuring the strain, 
also help to determine the result; and erroneous conclusions are 
drawn if any part of the process is imperfectly performed. It often 
happens that tests made by the same persons from the same barrel of 
cement, under apparently the same conditions, but with an interval 
of time between, will vary very considerably. It is endeavoured in 
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the shape of the briquette and in the manner of gripping the ends to 
ensure that the strain upon the centre shall be direct and equable, 
and there are considerable differences of opinion among experts as 
to what is best in these respects. Special machines are made for 
applying and measuring the strain, such machines costing from ^^ 15 
to ^30- In some, the weight is applied on a graduated lever; in 
others, by the direct weight of a cistern of water, or a box weighted 
with small shot ; both of which admit of the most gradual additions 
and exact measurements. 

While, on public works of large extent, it is worth much trouble 
to ensure by continual tests the proper quality of all the cement which 
is used, it is often difficult, when purchasing moderate quantities, 
especially in a foreign country or through an intermediary merchant 
when the user is not experienced in the art of testing, to imitate the 
tests made under other circumstances. After all the experiments 
that have been made, it may be said that the exact scientific reasons 
for the varying qualities of cement are still uncertain, and therefore, 
within prudent limits, it is often expedient to depend upon the repu- 
tation of the manufacturer as expressed in a well-known brand, 
making broad experiments from time to time with the concrete or 
mortar to prove not only the quality of the material but the efficiency 
of the treatment There is little in the outward appearance of 
cement to tell its quality ; and for this reason, and because of the 
difficulties and inconveniences of testing, the trade is one specially 
dependent on trade-mark or reputation. There are in the London 
district numerous makers of about equal eminence, but in foreign 
countries preference is given to the particular brand which has 
become known and liked. It is of course necessary to verify the 
genuineness of the mark, and to take care that the mark of one 
maker has not been used to cover the cement of another. Experienced 
makers on a large scale are presumably the best able to produce 
good cement, and it is through w^^nt of knowledge or from accidents 
in manufacture rather than from a desire to supply inferior cement 
that inferiority arises. 

In Germany, it is considered better, instead of testing neat cement, 
to make the briquette of cement mixed with sand of certain quantity 
and fineness : it being asserted by those who advocate this plan that, 
as cement in real use is so mixed, the ultimate value for the purpose 
in view can only be ascertained by testing it under similar conditions. 
Against the plan it may be said that the difficulties and risks of van- 
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ation which arise in the testing of neat cement are increased when 
another material is introduced. For while, on any one undertaking, 
where exactly the same kind of sand may possibly be assured, a use- 
ful standard of quality might be arrived at if the sand were carefully 
washed, sifted and measured, yet for general use and for comparison 
with some established standard, it is utterly inconclusive, because at 
different places and times the sand is not likely to be precisely similar 
in kind. 
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should of course be stored under cover, and it is all the better for 
being protected from a damp atmosphere and from extremes of tem- 
perature. Cement is not fit for use until it has been exposed to the 
air for some time; and as, in the press of business, the cement is 
sometimes packed and sent away from the factory directly it is ground 
without sufficient exposure to the air, it should not be used imme- 
diately after taking it from the casks or sacks, but should be spread 
out' on a dry floor, so that the air may reach it for at least a week, 
and should if possible be turned over occasionally. 

The price of Portland cement at English factories has ranged during Price of cement, 
the ten years ending 1880, from 28s. to 38s. per ton exclusive of 
packing and transport The expenses of packing bear a high propor- 
tion to the value of the cement. For carriage in the country of manu- 
facture, it is usual to pack the cement in bags holding about 2 cwt., Packing in baee. 
and these bags, costing about 9d. each, add about 7s. 6d. per ton to 
the cost of the cement ; but part of the value is allowed to the pur- 
chaser if the sacks be returned in fair condition. But sacks, while 
sufficient for inland carriage, and even for short coasting voyages, do 
not afford sufficient protection for export and distant carriage, not 
only against rough handling in stowage or transhipment, but against 
moisture. 

Casks holding from 300 to 448 lbs. are generally used ; and by the Packing in casks. 
custom of the trade, sales are made per cask and not according 
to weight; but, the tare being known, the net weight is the real 
measure of value. Casks for holding 300 lbs., 400 lbs., and 448 lbs. oross weight, 
weigh from about 20 lbs. to 25 lbs. respectively, and cost from about 
2s. to 2S. 6d. each, so that at a time when cement is selling at 
the factory for 35s. per ton, a cask weighing 300 lbs. gross will cost 
6s. 5d., this price being made up of 4s. 5d. for 280 lbs. of cement and 
2S. for the cask; or 8s. 4d. for a cask of 400 lbs. Casks therefore add weight. 
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from 14s. to i6s. per ton to the cost of cement, and it is seldom that 
the casks can be returned from abroad. In the absence of stipulations 
to the contrary, the casks are bound with wooden hoops, but they 
can be strongly bound with iron at an extra cost of about 3d. each 
As a safeguard against wet, a lining of water-proof paper is sometimes 
added at a further expense of about 2d. It is of course necessary 
that cement, whether in sacks or casks, be protected from moisture ; 
and carts, railway-wagons or barges which are covered are alone 
used for carriage. 

It is not the purpose here to describe the methods of using cement 
Good mortar is made with about 2 parts of sand to i of cement ; 
fresh-water sand being better than sea-sand. Concrete is made 
generally with shingle or gravel, the proportions (including the above 
proportion of sand) to the cement, if of good English quality, varying 
from 5 to I to 1 2 to I. . Although sand of a loamy kind will make a 
good lime mortar, the materials for cement mortar, if its full strength 
be desired, should be perfectly free from soil of any kind, and in order 
to ensure this they should be washed Sharp and clean river shingle or 
coarse gravel affords the best material, but coral, iron furnace-slag, 
broken bricks, and many other materials are also suitable, irregularity 
in form and slight porosity being an advantage. In mixing with sand 
or gravel, the proportions are not the same by weight as by measure ; 
and as the cement with the sand forms the matrix which holds 
the shingle or other materials, it is bulk rather than weight which 
should determine the mixing. The concrete should be mixed dr>' 
and water applied and mixed immediately before depositing in place. 
Where concrete is deposited in water, it is necessary to place it 
through wooden shoots to prevent it being separated, and where the 
current is strong, the concrete may even be laid in place in canvas 
bags. Cement is sometimes described as " quick-setting " or " slow- 
setting," but any difference that really occurs in the using generally 
arises from one of two causes ; either because the cement is used 
too fresh or because there is an excessive proportion of chalk in it 
Both these causes render the concrete liable to deterioration. If, 
for any particular purpose, quick-setting is of importance, the manu- 
facturer should be informed of it, as he may be able by modifying 
the usual ingredients or proportions and method of manufacture to 
meet it without harm. As a rule, slow-setting cement is the best 
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but there are other cements which sometimes bear the name and 
come into competition with it For, apart altogether from alterations 
or improvements in the manufacture of cement from chalk and clay, 
other systems are adopted where these materials are wanting. In 
comparing the cements made of different materials, it is important to 
bear in mind the economical or commercial conditions which attend 
the trade, for it is these, rather than any scientific difference of manu- 
facture, which determine the competition. It is evident that the cost 
of land carriage in the country of manufacture, and, in the case of 
exported cement, the additional cost of packing in casks, and of sea 
carriage, must bear a high proportion to the cost at the factory of so 
heavy and cheap a commodity ; and therefore there is every induce- 
ment to make cement in the countries and districts where it is wanted 
for use. There are few countries which do not possess materials 
from which some kind of cement can be made, but they are nowhere 
found under the same favourable conditions as in the neighbourhood 
of London. Instead of the chalk and clay lying separately, natural 
compounds are found, which, when calcined and ground, afford 
hydraulic cement of the Portland type. Examples of this method 
of manufacture are found in some of the central districts of England, 
on the northern coasts of Germany, and elsewhere. Much chalk is 
exported from London, and this is sometimes used with clay found 
in the locality as material for cement. But so cheap a material as 
chalk can only be imported profitably when the rates of carriage are 
very low ; this being the case when the chalk is utilised as ballast 
So much of the chalk, however, is evaporated in the course of 
manufactute, that carriage has to be paid on much unremunerative 
weight 

But, while good mortar may be made from blue lias, and although 
the making of cement from natural compounds such as clayey 
limestone may save some of the expense of mixing, large deposits 
are hardly ever found of exactly the right proportions; and not 
only is more trouble necessary at certain parts of the process, but 
the cement obtained is liable to variations, and is generally deficient 
in some of the more important qualities of good cement; the direction 
and extent of the inferiority depending on which of the ingredients 
preponderate or are wanting in the material. Sometimes the cement 
will set in the same way as pure Portland, and appear like it, and yet 
have less than half its tenacity or binding power. 

Not only however is cement made from compounds, as just 
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described, but, in some countries where such materials are entirely 
wanting, the cost of carriage of imported cement leads to the esta- 
blishment of other systems. Lime in some shape or other is found 
in almost every country; and limestone or coral, or even marine 
shells, are used as a basis for cement if suitable clay is obtainable ; 
these materials being generally mixed in a pug-mill. But the 
crushing of limestone or shells to powder is a tedious and expensive 
operation ; and, when ground, the product so obtained cannot be 
so intimately mixed with clay as where chalk is used. Sometimes it 
is sought to avoid the grinding of these hard materials by first calcining 
them to render them friable ; and, though this plan may answer where 
fuel is very cheap, it has not found much favour with manufacturers. 
It may be said therefore that no system of manufacture from 
substitutes such as the foregoing has as yet (1880) succeeded 
commercially in competing with the more ordinary English methods 
where the expenses of carriage and fuel are common to both, or 
even where they approximate. In countries, however, where the use 
of such substitutes is encouraged by protective duties on the better 
English cement, the question is no longer as to what is best and 
cheapest for the purpose in view, but (as is the necessary result of 
such a system) what will escape the duty. In England the advantages 
of Portland cement are becoming more and more appreciated. Lime, 
though preferable in mortar for ordinary building purposes, is being 
superseded by cement for making concrete, as the cement, unless 
burdened by very heavy cost of carriage, is found to be cheaper if 
measured by its cohesive power as well as by price. New uses are 
being continually found for cement. It is employed a» an inner 
coating on the plates of iron ships ; it may be used for jointing iron 
and stone, or even iron and iron, where metal cement cannot con- 
veniently be applied ; and it is particularly useful in filling up inter- 
stices and spaces in iron structures, which if inaccessible to the 
painter's brush, would soon be destroyed by rust if left unprotected. 
English-made cement is exported to every country in the world 
which is accessible by sea; the weekly output in the London 
district already (1880) has reached 15,000 tons, and as its advan- 
tages are becoming more widely known the trade is ever increasing. 
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Ikon is used in the construction of roofs and buildings for different 
reasons. First, in cases where (though other materials may be 
obtainable) it is better than wood because of its greater durability 
and strength, or better than stone and brick because it occupies 
less space ; conservatories, winter-gardens, market-buildings, railway- 
stations, drill-halls, and race-stands being examples. Secondly, where 
portability is of consequence, iron being lighter than other mate- 
rials in proportion to strength ; for instance, in countries where 
stone, brick, and timber are scarce, or where for want of skilled 
workmen they cannot be utilised at moderate cost Thirdly, iron 
is preferred for its cheapness, as in the case of temporary houses, 
churches, warehouses, and other structures, which in most coun- 
tries can be erected much more cheaply of iron than of brick 
or stone, and sometimes even more cheaply than of wood. For 
buildings such as these, which might be more durable of brick or 
stone than of iron, the desire for cheapness may arise from the tem- 
porary purpose of the building, or from the necessity of saving in 
price. In colonies and newly-settled districts, on public works and 
at mines, the period for which buildings will be required may be 
uncertain, and the minimum expenditure therefore may be the best ; 
or the building may have to be erected on ground held by uncertain 
tenure, and facility in taking down and removal may be of import- 
ance. Even where permanency can be reckoned on, the need for 
cheapness may outweigh all other considerations. This may arise 
not from lack of capital, but because money has a high value, and 
the saving in interest which a low capital outlay permits may provide 
means for renewals afterwards. Thus, where a permanent stone build- 
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ing would cost ;£^ 1,000 and a temporary iron structure only ^£^500, 
the money saved might be worth 10 per cent per annum to the 
proprietor; more than sufficient to replace the building from time to 
• time, or to provide an accumulating fund for the permanent building 
at the end of a few years. 

The great development of iron buildings has arisen mainly from 

the facilities allowed by corrugated iron, and by the numerous forms 

Rolled iron affords of rolled iron available to the constructor, T> L* ^i^<l !> being the 

most usual and convenient Sheet iron acquires great strength by 
corrugation, the degree of stiffness depending principally on the 
depth of the fluting. This strength is so considerable that even thin 
sheets may be extended over a considerable area without framing or in- 
termediate support. Advantage is taken of this to cover small roofs 
and sometimes spans up to 40 ft. with curved sheets, with only a tie- 
rod across. This plan is only suitable for temporary purposes, and 
for spans beyond 20 ft would not be sufficiently strong against wind. 
Rolled iron joists or beams are produced more cheaply than 
Rolled Joists. girders made of several pieces riveted together, and are useful for a 
stepagt 14S, variety of purposes, not only as parts of iron structures, but for 

buildings in all other respects of brick or stone. Rolled joists are 
not convenient for certain forms of attachment and are sometimes 
misapplied, especially where the cheaper kinds are subjected to bend- 
ing or smithing. For beams deeper, than 1 2 in. riveted girders are 
in most cases cheaper or better. 

Where an iron roof has to be fixed on a building of brick or stone, 
continuous side walls generally allow the roof framing to be arranged 
in the most advantageous manner without regard to the supports. 
But in an iron building the positions of the columns have first to be 
considered Thus, columns 8 ft high may be placed as near 
a43 together as 8 ft, for they may be made slender because numerous, 

and still be strong enough for the moderate height. But columns 
20 ft high would have to be stronger, and therefore it is econo- 
mical to place them farther apart, so as to load them with a greater 
share of roofing. In the first case, a roof principal would probably 
be placed over each column, but in the second, as the spacing of 
these principals is determined by other reasons than those by which 
the columns are spaced — namely, by the span, the system of principal 
and the kind of covering material — economical construction may 
require that one or more principals be placed between each column, 
and to carry them, girders or arches must bridge the space between 
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the columns. Sometimes a space as free as possible is wanted 
below, or numerous doors or windows which hinder the placing of 
the columns ; the latter may then be placed so far apart as to 
make the girders an important part of the building. Of course 
the further apart the supports, the more care must there be to afford 
the requisite stability to those on which the loading is concentrated. 
In wide buildings where intermediate columns or walls are undesir- 
able, roof principals of great span — which would have to be lofty — 
may be avoided by supporting the roof framing on girders placed 
30 ft. or 40 ft apart, the roof principals being of these short spans. 

The disposition of the roof framing is partly determined by the 
nature of the covering material. Thus, sheets of corrugated iron are 
sufficiently strong in themselves to need supports only at intervals of 
8 ft. to 12ft. Zinc has much less strength, and has to be laid on 
wood rolls, which need supports every 6 or 7 ft. Glass is about the 
same as zinc in this respect, sash-bars of wood or iron taking the 
place of the wood rolls. Tiles and slates require laths every 10 or 
12 in., these laths needing supports every 5 or 6 ft 

The choice between the many different kinds of roof framing 
depends on as varied considerations as does the choice of bridges. 
While the closeness of the framing may, as has been seen, depend 
upon the kind of covering, the shape of the " principals" is deter- 
mined by various circumstances. Most principals are trusses or 
girders of some sort, but occasionally strong walls or side buildings 
form abutments which favour the use of arched roofs ; or the latter 
may be preferred even without these facilities, and therefore at 
greater expense, for aesthetic reasons. Where there are no abutments 
and an arched form without trussing is preferred, the outward thrust 
may be withheld by a horizontal tie. Certain shapes are economical 
for large spans, because the divisions of length which the shape 
involves may accord with those usual in rolled iron, while such 
divisions in a smaller span might require too numerous and expensive 
connections. Other shapes, by their method of attachment to the 
columns or side walls, and by ending at one point in their junction 
with the supports, need some bracing or anchorage to the ground 
which in other kinds of principal is afforded by a wider junction, this 
latter method giving the stability necessary to a lofty building ; others 
again are best suited to resist severe and one-sided wind-pressure, 
for trusses and arches well able to withstand a load equally applied 
may fail under a one-sided pressure. A preference between forms 
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equally appropriate in all other respects may depend upon the shape 
given to the ends of the building, gabled or sloped (hipped). Thus 
what are known as English roofs (247) allow of hip connections 
better than French roofs (249). The angle of slope of the roof is 
determined not only by the depth and strength of the principals or 
girders, but by the rainfall, the necessity of preventing leakage, and 
by the direction and force of the wind. 

Ventilation has also to be considered, for if large openings are 
needed, shapes which would otherwise be suitable may need modi- 
fication. Ventilation is generally provided at the top of the roof by 
raised lanterns or domes, but openings in the purlins are sometimes 
convenient or necessary. Roof principals with curved or polygonal 
top flanges are well suited to this arrangement Openings may be 
also made under the eaves in the girders or spandrils which support 
the roo£ Proper ventilation depends partly on the lower openings ; 
and doors, windows, or special air gratings may have to be provided 
at a low level to ensure an upward draught. 

The manner of lighting also needs consideration, and it depends 
mainly on the purpose of the building and on the climate. Certain 
manufacturing trades require the maximum of light, and sometimes, 
therefore, buildings are erected with a particular aspect, and with roofs 
of irregular form, a northern light being generally preferred. The long 
side of the roof may be covered without any glazing, and the steep 
side may be partly (a to b) lighted by glass louvre-blades easily fixed 
or replaced, and the upper part b c left open for ventilation, but 
shielded by a projecting hood. A series of such spans supported on 
girders, or on columns or walls, may be conveniently arranged in 
the roofing of a large factory, and the horizontal tie of each principal 
may be made sufficiently strong as a girder to carry lines of shafling. 
A minor, but in large or lofty roofs an important point, is accessibility 
for painting and repairs j for the expense of maintenance may be 
considerably reduced if convenient access is left for replacing broken 
glass or for painting. Unless roof structures are periodically ex- 
amined and painted they will rapidly deteriorate by rust, especially in 
a damp climate, or in places exposed to a vitiated atmosphere. The 
" ridge and furrow " system of roofing is convenient in the access it 
allows to every part of the covering. According to this plan, the 
purlins which rest on and connect the main ribs support a series 
of small roofs of from 7 to 15 ft. span, with slopes at right angles to 
the slope of the main roof. 
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The choice of covering material for roofs depends on climate and 
on the necessity for cheapness. Galvanised iron is effectual as a 
covering while it lasts, and, because of the great advantages its 
strength affords, it is more often used for iron roofs than anything 
else. Galvanised iron will last a long time in pure air, but not 
long in cities, railway-stations, or other places exposed to the fumes of 
coal, coke, or gas. But durability under any circumstances depends 
primarily on the quality of the sheets, and, secondly, on whether they 
are further protected by periodical painting. Zinc is more durable 
as a covering than iron which is only coated with zinc, but it is less 
often used because it costs more and adds nothing to the strength of 
the framing. Copper is even better than zinc, but is used very rarely 
because of expense ; but on lofty domes and pinnacles, inaccessible 
for repairs, expense may well be incurred to ensure permanency in 
the covering of small areas. Zinc and copper when worn out have 
a value as old material, but old galvanised sheets are worthless. 
Tiles and bricks last longer, are better non-conductors of heat than 
metal, will preserve a more even temperature either in a hot or cold 
climate, and they are unaffected by a vitiated atmosphere. Tiles, 
which are made much lighter than formerly, are often used because 
of their pleasing colour and appearance. They are, however, heavier 
for transport than iron or zinc sheeting and require a stronger frame- 
work. 

All the covering materials above described may with advantage be 
laid on boarding, which not only strengthens the roof but increases 
its efficiency against heat, cold, rain, and snow. Some of the 
cost of the boarding is saved by the wider spacing of the framing 
that may be ventured on. Sometimes the boarding is not laid im- 
mediately under the outer covering, but with an air space of 9 in. or 
1 2 in. between, this serving in hot or cold climates as a protection 
from the extreme temperature outside. 

Glass has been cheapened by improvements in manufacture; large 
panes may be obtained without inordinate cost ; and there is more 
variety in kind. For export to foreign countries the cost is greatly 
increased by the risks of breakage, and so excessive sometimes are 
the losses from this cause that twice the quantity needed according to 
the size of the roof has to be sent before sufficient arrives in safety. 
These losses arise for the most part from preventible causes. In the 
first place the glass must be of good quality and well annealed ; and 
only a moderate number of panes placed together in one wooden box. 
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Two, or even three, small boxes of glass thus packed may then 
be enclosed in a larger case with padding of some sort. Cases or 
crates so arranged will withstand railway or sea carriage, if the cases 
are carefully handled and stowed. The panes of glass are arranged 
in the cases so that they stand edgewise, and breakages arise princi- 
pally from the laying of easels so that the panes are horizontal, when 
they are not so able to withstand shocks, especially if the panes are 
of large size. In the transport of glass the ordinary instructions to 
carriers are often insufficient, nor will marine insurance cover breakage. 
Special precautions should be taken at each place of transfer or 
transhipment to see that the cases are carefully handled and properly 
stowed. 

The value of a structure obviously depends on the strength of its 
various parts. A certain quality of material being first assumed, 
designs are then based upon these assumptions, or rules deduced 
from them, in regard to the maximum strains the buildings may have 
to endure, such as the loading on floors, the wind and snow pressure 
on roofs, and the strains caused by the form and weight of the 
structure itself; and then a certain factor of safety is calculated, 
3, 4, or 5 to I as the case may be, according to the nature of the 
service and other circumstances of the case. Cheapness may 
therefore be obtained by venturing on a low margin of safety 
without any immediate appearance of inferiority, unless the strength 
of the various parts and members be measured, for the building 
may still be strong enough for its immediate purpose. If it were 
absolutely certain that a structure were strong enough to resist 
double the maximum strain that might come upon it, it might 
appear extravagant to go further, for the wasting of more than half 
the strength by rust, even in a long term of years, need not be 
anticipated under ordinary care. But every structure, however 
well made, has its weakest part, and when failure ultimately comes, 
either from long service or from accident, it will almost always 
Causes of failure, occur from some hidden flaw or some defective or missing 

fastening, long before the strains nominally provided for are felt 
over the whole building. Indeed it is because of contingencies of 
this kind that a factor of safety so high as is adopted by engineers 
is used in calculating strength; and it is only after some years' service, 
when weakened by vibration, changes of temperature, and wasting by 
rust, that the real value of precautions becomes apparent The fact 
that a roof or building has been successfully erected, and has served 
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its purpose for a few years, does not alone justify an exact imitation 
of it, for the high wind or other exceptional circumstance which is to 
prove its stability may not then have occurred. 

The harm which undue economy in material may do depends a 
good deal on the care with which the structure is periodically 
painted. Wasting by rust necessarily tells sooner on thin than on 
thick iron. All parts of an iron structure should be accessible to the 
painter's brush, or else be protected from the air by being built into 
masonry, brickwork, concrete, or cement. Sometimes cheapness is 
sought by using galvanised sheet-iron extremely thin. The thick- 
ness is denoted by the number of the gauge, the thinner sheets 
having the higher numbers. Thus corrugated sheets of No. 18 gauge 
weigh about 2*8 lbs. per square foot, No. 20 gauge 2*24 lbs. per foot. 
No. 22 gauge 1*85 lbs. per foot, and No. 24 gauge 1*5 lbs. per foot 
The durability of such sheeting may be increased by painting it to 
protect it from that commencement of oxidation of the iron at 
defective places which, occurring as it must do sooner or later, will 
rapidly spread and destroy the iron. In England it is customary to 
use for good work sheets of No. 18 or even No. 16 B.VV.G., but for 
export, sheets of Nos. 22, 24, and even 26 are more usual. In pure 
air these are long enduring if the quality be good, and full advantage 
may be taken of the great strength afforded even by thin iron when 
corrugated. But these thinner sheets are easily pierced, a surface 
crack or scratch of the zinc allows the commencement- of rust, the 
crack grows into a serious rent and the sheets become worthless. 
But in regard to endurance against rust, good iron well galvanised 
will last longer than thicker sheets of inferior quality. 

But while thickness and weight of parts afford one ready means of 
comparing the values of iron structures, the strength of a building 
depends also on the skilful disposition of the parts. As an iron roof 
is composed of numerous members, these must be arranged so as to 
resist and transmit the strains in the most effectual manner ; and if 
one member be weaker than another the strength of the others will 
be of little avail. It has sometimes happened that roofs have been 
designed to sustain only vertical distributed loads, and if one-sided 
pressure, as from wind or drifted snow bear upon the roof, parts 
designed to resist tension only may become compressed and fail. 
The stability of a roof therefore depends a good deal on the 
secondary parts, such as wind-ties and bracing, which only come into 
play under exceptional loadings or pressure. An iron structure well 
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designed in other respects may be defective in its connections, and 
the strength of its members rendered inoperative by the weakness or 
unskilful arrangement of the fastenings. When a saving in weight 
is of great importance, as for distant carriage or to avoid import 
duties, high-quality material skilfully disposed will well repay an 
extra expenditure to obtain it. The importance of these con- 
siderations increases with the span and height of a roof or building, 
and especially if it be of peculiar or difficult shape. If the relative 
cost and strength of steel and iron be taken into account, steel seldom 
offers any advantages over iron except for spans over 150 ft, or where 
difficult land carriage makes saving in weight of great importance. 

Assuming that an iron structure has been well designed, and that 
a good quality of material is ensured, the value then depends on the 
quality of the workmanship. First, in regard to the setting out of 
the various parts. Time and care bestowed on this are well repaid, 
not only in the manufacture, but in the erection and durability after- 
wards. In a roof there is generally a great repetition of similar parts, 
and these should be made so exactly alike as to be interchangeable. 
A few spare or duplicate parts to allow for loss or breakage will then 
be available ; while, if each piece will fit only into iis own place the 
cost and trouble of erection are much increased. Good or bad 
workmanship is specially discernible in the connections. As has been 
already stated, these must be well designed, but even then, if not 
well made, some of them will probably be inefficient. For instance, 
although all rivets should be perfectly tight, there are positions 
where bolts or pins may fit with approximate accuracy only ; holding- 
down bolts, for instance, if they are well screwed down ; and such 
looseness may even be necessary to allow of adjustment in erection. 
But there are other positions where tightness is of the utmost im- 
portance For although the very great exactitude needed in a steam- 
engine or machine is seldom wanted in an iron building, there are 
places where holes must be drilled and bolts turned with great 
accuracy, in order to transmit properly the strains passing through 
them ; this care being especially necessary where more than one bolt 
is in the same connection. There may be more trouble in erecting 
a building with tight fastenings, but if the parts have been properly 
set out such trouble is well bestowed. 

Not only fastenings but surfaces must sometimes be fitted with 
great accuracy. Where iron comes in contact with stone or concrete, 
the inequalities of surface may be made good with lead, iron-cement, 
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Portland cement, or bitumenised felt \ wood, if joined to iron, will 
adapt itself to the harder material \ but iron and iron will not in 
certain positions fit properly unless the surfaces are faced in the 
lathe or planing-machine. As an example, this is the case especially 
in a tier of columns for a building with upper floors. The strength 
of connecting parts, although skilfully designed, is sometimes reduced 
one-half by bad fitting, and the evil results tend to increase, because 
the parts of a structure so made are liable to move or shake under 
loading or wind pressure; excessive strains come upon individual 
fastenings, till at last, when bolts have been repeatedly bent backwards 
and forwards and wasted by the rust which too free a play allows, 
they break, while if they had been tightly fitted, and had had only their 
fair share of work, the structure would have been homogeneous and 
immovable. Machine processes are now so cheaply performed that 
the saving in first cost by the neglect of such precautions is only 
trifling. 

Failure sometimes arises by imitating a design which was originally 
carried out with due regard to the circumstances enumerated in the 
preceding pages, the knowledge or appreciation of the precautions 
necessary being wanting in those who repeat the design; or even 
where the work is well done, failure may arise by applying the same 
design under circumstances not exactly similar. The importance of 
the suggestions just given depends to a great extent on the perma- 
nency required, for if a building is only needed for a temporary 
purpose it may be inexpedient to provide too liberally for con- 
tingencies or durability. But even then a saving may be dearly 
obtained; for instance, by preferring a building 5 per cent cheaper 
than another which may be 20 per cent, better. 

After all the conditions of stability have been satisfied, the value 
of an iron structure for any but the barest utilitarian purpose depends 
upon its style or finish. Much of the prejudice against the use of 
iron arises from inelegant design or from the coarse way in which it 
is carried out. An examination of the iron structures in a large city 
will show how great are the differences in this respect In orna- 
mental cast-iron, for instance, the employment of an artist modeller 
to make the patterns may not add i per cent to the cost, and yet 
afford a pleasing appearance which would otherwise be wanting. And 
in the processes of the iron-foundry skill and care are necessary to 
produce good castings. Again, in the foliage of a column capital, a 
good design may involve bold relief or " undercut," which requires 
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care and expense in the manufacture. Too often such designs are 

carried out in a rude manner. Good patterns are the first essential. 

Skilful moulding, then Suitable pig-iron, and finally, capable moulders. Even where 

drawings and specifications are obeyed in all other respects, the dose 

competition of manufacturers and the tendency to measure cheapness 

by price only, lead to the employment for fine or difidcult work of 

And casting. workmen accustomed only to rough or simple castings. Even the 

plain surface of a large casting or the tapering shaft of a column 
look well or ill according to the skill in moulding, while column 
capitals or light spandrils afford more conspicuous opportunities 
for workmanship. 

wrouffhUronwork ^^ wrought-iron also, a good appearance depends upon the neat- 
ness with which the various plates and bars are joined together, edges 
planed or trimmed, and rivets hammered. The extra expense which 
such care involves may sometimes be saved in other directions 
by skill in design to avoid too numerous or costly shapes of iron, 
unnecessary smithing, and complications in the connections. Sim- 
plicity in these respects is generally best as well as cheapest. 

Fireproof Fireproof buildings are generally made wholly or in part of iron, 

*"*^*' but buildings so-called often fail in practice. Misapprehension fre- 

Tcrm misapplied, quently arises from the different uses of the term. Iron and stone 

are fire-proof in the sense that they are uninflammable, but they are 
not proof against fire. That is to say, a building with walls of brick 
or stone, columns of iron, floors of concrete arches on iron joists, and 
staircases of stone, and with little or no woodwork, will not catch 
fire if free from combustibles ; and even a small fire will go out for 
want of fuel, and will do little or no damage. But such a build- 
ing, if filled with combustible goods, or even with much wood 
furniture or fittings, or if surrounded by inflammable buildings, may 
Stone, brick. fail if fire occurs. Few kinds of stone will endure intense heat 

and iron fail ...i f -%» 

under heat. without crumbung away, and bricks of ordinary clay, though the)' 
will retain their strength at a greater heat than will iron, fuse or 
crumble under intense heat, though they will generally outlast a fire 
if the ironwork be protected. Cast or wrought iron, subjected to 
the heat of boiling water 212° (Fahr.) loses 15 per cent of its 
strength, and at the temperature of molten lead has hardly any 
strength at all. And even under less heat, the sudden cooling from 
the water-jet of a fire-engine may cause cast iron to break. For 
these reasons wood, if of considerable thickness, is under certain 
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circumstances better than exposed iron to resist fire, because, though 
inflammable, it is a bad conductor of heat and may retain part of its 
strength to the end, and may outlast the surrounding fire. 

This however does not imply that wood structures are more fire- 
proof than well-designed iron structures. A building cannot be 
properly designed to resist fire unless its purpose be known ; and if, 
from the nature of its contents, a fire occurring inside would subject it 
to intense heat, then it must be constructed more or less like a furnace 
to resist it. One plan which minimises the effect of fire is to localise 
it by dividing a building into numerous rooms, separated by brick walls 
and iron doors strong enough to resist a fire in any one chamber till 
the combustibles are consumed, but this can only be effected by 
either avoiding iron columns altogether or by protecting them with 
some material which will resist great heat Special kinds of concrete 
serve this purpose, and columns and girders encased with it will 
retain their strength and stability even though surrounded by in- 
tense heat. Such concrete, though it may not serve some of the pur- 
poses of that made from Portland cement, is very strong, and serves 
admirably for arched floors on iron joists; and if the latter be 
entirely embedded in it, a building completely fireproof may be 
obtained. Arches of lo-ft. span, with a rise of only lo in., and only 
5 in. thick at the crown, will sustain a working load of 2 cwt per 
square foot ; and narrower or wider spans may be similarly constructed 
with proportionate dimensions. Not only cellars, corridors, floors, 
and ceilings may be so constructed, but arched and domed roofs also. 
This system of construction is specially suitable for the staircases 
and corridors of theatres, schools, and public buildings, as well as for 
warehouses. 
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In regard to the Cost of iron roofs and buildings there are wide Cost of iron roofs 

,...,.,.,, .- ^, -. , andbuUdings. 

limits withm which the price for a structure, of given size may be 
varied according to strength and quality. This is the case to some 
extent even where competitive prices are based upon a common 
design with prescribed dimensions and thickness of parts; but in 
cases where merely the length, breadth, and height are given by 
the purchaser and the details are left to the manufacturer, the range wide differences, 
of possible difference is greater, and discrimination is needed to 
compare the real value of what is offered, or to decide which is 
really the cheapest. Care in this respect, which is necessary in 
the purchase of all engineering commodities, is peculiarly so in the 
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case of irop roofs and buildings. A large proportion of those which 
are made, especially those for export, are for temporary use, or at 
any rate have cheapness as the first consideration ; therefore a certain 
style of strength, workmanship, and finish have become usual which 
are sufficient for the limited purpose in view. But such methods, 
which may be suitable for warehouse sheds or temporary houses, are 
quite inadequate for permanent structures like market buildings or 
railway-stations, and a comparison of prices according to the area 
covered between the two classes of buildings is fallacious. 

First, in regard to the quality of material. Without any difference 
in appearance, the value of cast-iron varies los. per ton, wrought-iron 
£,\ tO;£'3 per ton, and galvanised sheet- iron or zinc £,2 to £,^ per 
toa The inferiority shows itself when these materials are subjected 
to severe or sudden strains, and if they then prove sufficient it is 
because their weight and thickness are in excess of what would be 
necessary in materials of better quality. The testing of iron requires 
care and attention not easily given in the ordinary purchase of 
structures, but a purchaser may be partly guided by the district where 
the iron is made, by the brand or name of the original producer of it, 
and by the reputation of the manufacturer of the roof or building. 
And in this latter respect the kind of building should be borne in 
mind, for there is much subdivision in trades, and makers of repute 
for one class of building may be ill-suited for another class. 

Iron roofs and buildings cannot be tabulated in regard to price 
like machines or apparatus constantly alike, for it is seldom that the 
same circumstances combine more than once, or that exactly the same 
design can be repeated. Moreover, as the value of material has a 
much higher relation to the total cost than in the case of steam- 
engines or machines, fluctuations in the selling price of iron cause 
corresponding and continual fluctuations in the prices of the struc- 
tures. It is sometimes attempted to value iron buildings according 
to their area, but for the above reasons prices so stated must be 
subject to considerable modification The unit of size adopted in 
England is generally the " square" of 100 superficial feet, but as the 
strength and weight of roofs per foot increase with the span, the cost 
per square for roofs or buildings alike in other respects alters with 
the size. An increase in height must also obviously increase the cost ; 
but if it be attempted to tabulate according to the volume or cubic 
contents, numerous circumstances render fixed rates inapplicable. 

It is, however, possible to separate the parts of iron structures so 
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as to obtain a basis for estimating cost First, in regard to weight : 
when pig-iron costs ;^4 per ton, iron columns and other cast-iron 
parts fitted for a building cost from £i^^o £,12 per ton; but if the 
design be complicated, or the parts very light or ornamental, these 
rates may be considerably increased. Wrought-iron parts, such as 
girders, will cost from ^^15 to £,1% per ton at a time when iron 
plates cost;£'io per ton, and lighter parts, as in roof- work, will cost 
£1'] t0;^24 per ton. 

Wrought-uron roofing, if considered alone, may be approximately 
valued according to span, although every circumstance of difference 
must be taken into account before the rate for one roof can be exactly 
applied to another. Omitting very small roofs, it will be found that 
the framing of trussed roofs, exclusive of supports and of covering, 
will weigh from 5 to 6 cwt. per square (measured horizontally) for spans 
between 40 and 50 ft ; 6 to 8 cwt per square for spans between 
50 and 60 ft ; 7 to 9 cwt. for 80 ft ; and 8 to 12 cwt for 100 ft. 
The rates of cost per ton are stated above. The lightest framing 
is that for a covering of corrugated iron, because it imposes little 
weight and by its strength renders unnecessary the closer supports 
which other materials require. Corrugated sheeting weighs from 
150 lbs. to 300 lbs. per square according to thickness, the prices 
fluctuating considerably according to the current value of iron and 
zinc. In calculating the cost of corrugated iron for the sides of 
buildings, provision must be made for framing between the columns, 
although this is almost or entirely omitted in the case of huts or 
small sheds. Exclusive of the cost of the main framework, galvanised 
corrugated iron covering costs from £2 to £^ per square ; zinc, £^ 
to ;^S ; tiles, £z to £At ; slates, £z to £s ; and glass, £^ to £1, 
these rates including the subsidiary supports. 

The smallest iron buildings are those used as huts and cottages, 
and such buildings 12 ft. to 20 ft long, 10 to 15 ft. wide, and 7 or 
8 ft. high to the eaves, will cost from ;^2o to ^£'25 per square, or 
from £2^ to £(io each, including doors and windows. But prices 
according to area are misleading for such small buildings. 

Plain storehouses 12ft. high to the eaves cost from £% to ;^i5 
per square, if unenclosed, and from ;^i2 to ;^2o if enclosed ; but from 
;£20 to £yQ per square is needed when the sides are from 12 to 
20 ft. high, and numerous or strong windows, doors, and ventilating 
fittings are required. The cost will obviously vary also according 
to the solidity of the supports, thickness of the sides and covering, 
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and the general Btyle of workmanship. Dwelling-houses of iron are 
generally for temporary purposes, and are made light and cheap 
accordingly, but there are countries where strong permanent build- 
ings can be erected with advantage and a sufficient price paid to 
^57 ensure durability and elegance. Thus for a tropical climate, like 

Bungalow. ^^^ of India and parts of South America, dwelling-houses or bun- 
galows can be built almost entirely of iron, but with thicker walls 
than is usual in temporary houses. That is to say, there may be an 
inner lining of wood with a space between it and the outer iron, which 
may either be left open or filled with concrete. The doors and windows 
would also be double. Buildings of this sort, well constructed and 
divided into dwelling-rooms, bed-rooms, bath-rooms, stables, and 
servants* quarters would cover from 40 to 60 squares, including 
verandah, and would cost about J^^o per square, including wood 
and canvas lining, and all structural fittings. 
Cost of permanent It is impossible and would be misleading to lay down any rules 

buildings. f ,;,.,. 

for more important structures, such as markets and railway-stations, 

J*^ Markets /« _.. , • ,, , i • ^ r 

Parti, as when a particular case arises there are local circumstances of 

difference which render previous estimates inapplicable, the combina- 
tion of masonry and brickwork with the ironwork and of subsidiary 
buildings and accessories increasing the difficulty of specifying the 
cost of ironwork alone. It is well to remember that the cost per 

Cause of difference. Square of the Supporting framework increases with the height, and 

the cost per square of roofing with the span ; that buildings open at 
the sides are cheaper than those enclosed ; simple shapes in which 
the parts repeat cheaper than those of irregular shape ; and besides 
these primary points, that the system of ventilation, the number of 
doors, windows and other accessory parts, and the degree of ornament 
have also to be considered 

Large span roofs. Spans larger than 100 ft do not occur frequently, as it is generally 

found better when a wide enclosure is required to have two or more 
spans. In market buildings the spans seldom exceed 60 ft. ; in 
railway-stations the absence of intermediate columns is an advantage 
in the arrangement of rail lines and marshalling the traffic, but except 
in the case of large terminal stations in cities, spans of about 100 
feet are found most suitable. The largest span yet (1880) con- 
structed is 240 ft., but though such buildings may be imposing from 
the inside, it is very difficult to give them a pleasing appearance out- 

Railway-staUon - , ^ ., ^ \ . , ^ o a •, I- ^ r 

roofs. side. Railway-station roofs between 80 ft. and 150 ft. cost from 

^14 tO;;^25 per square, including erection and covering, but beyond 
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these spans and up to 240 ft. the cost of the station roofs erected 

in England during the thirty years ending 1880 has ranged from 

.£25 to J[^<^o per square. Under ordinary circumstances, and with 258 

iron at average rates, the cost of roofs between 150 ft. and 240 ft S€€pa^42S' 

span need not be more than from ;;^2o to ^£'35 per square, the 

greater cost, as just stated, having been caused by some of the 

following reasons — a form of construction involving much material 

or expensive workmanship ; irregularity in the shape of the building ; 

special expense in the covering, such as much and thick zinc, large 

panes of glass and strong iron sash-bars; the additions of gable 

ends or screens ; and the occurrence of high prices for material. 

Where in wide buildings the presence of columns is alone objected 

to, roof trusses of moderate space may be, as already described, 

supported on girders, and in some cases the roof is placed upon the 

lower flange of the girders so that the latter are not conspicuous 

from the inside of the building. There is however the disadvantage 

in this plan that part of the structure is unnecessarily exposed to the 

weather, the numerous small roofs hold much snow and dirt, the rain 

gutters are numerous, needing much attention, and in buildings of 

large area the low roof renders ventilation difficult. 

As already stated on page 425, the proper design for an iron roof Design depends on 
or building and an estimate of cost can only be made on the basis ^ '«^"'"« 
of full information, which should be given on the following points : — 

The purpose of the building ; whether for permanent or temporary Puipose. 
use ; and whether the design is to be plain or ornamental. 

The dimensions of length, width, and height. Size. 

Whether the building is to be open at the sides or enclosed, and if open or enclosed, 
enclosed, whether by brickwork, wood, or iron. 

The number, description, and dimensions of doors, windows, and Accessories, 
other accessories. 

The position in which lighting in the roof is required Lighting. 

The nature of the climate, the kind of roof covering required, and cHmate. 
particulars in regard to rain, snow, wind, and ventilators, rain-gutters 
and pipes. 

If of more than one storey, the number and height of each, and 
the loading that is to be provided for on the upper floors. 

^See also Iron and Steel, and in Pari I, Bridges, Markets.] 



CHAPTER XXIX. 



LIGHTHOUSES. 



The construction of Lighthouses and the 
methods of illumination have been developed 
en^nccn.* t>y engineers who have devoted themselves to 

this special branch of science, and it is only 
intended here to point out the leading circum- 
stances which have to be considered in estab- 
lishing them, and which detennine cost. The 
improvements that have been made in optical 
apparatus have rendered beacon lights more 
powerful and effective than formerly; but 
though the cost of this apparatus may be easily ascertained and 
tabulated according to the kind and range of light required, such cost 
^°*'uncl?rt«in.'"" ^^ many cases bears but a small proportion to the total expenditure. 
The cost of the supporting structure and other subsidiary parts 
is sometimes not only greater than that of the lantern and light, 
but more uncertain, because dependent entirely on local conditions 
to which general statements of expense will not apply. 

While, however, the actual illuminating apparatus may thus form 
only one part of the project, it is of course that which is the object in 
view, which has therefore first to be considered, and to which the 
other parts must be adapted. The distance to which the light is to 
Range oriicM. be visiblc IS the first circumstance, and the one — other things being 
equal — which determines cost. The longest range is generally given to 
lights sighted by vessels approaching from beyond sea. The distance 
to which the light is to be visible determines the two principal points 
in the design, namely, the height of the tower and the intensity of the 
Heicht of tower, illuminatioa Alight 30 ft high above the sea level is, if powerful 
enough, visible for 8 miles ; one 100 ft. high, about 13 miles; one 
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High lights 
obscured by fogs. 



Lights divided into 
six orders. 



150 ft high, 14 miles ; one 200 ft. high, 18 utiles, and so on. Where 
the lighthouse is situated on a cliff, the necessary elevation is of 
course more easily obtained than where, as on a shoal or reef, a tower 
of the full height has to be built up from the sea level. So costly does 
a high tower sometimes become, that a light of less range has often 
to be accepted, on the score of expense only. A great height is 
often a disadvantage on a shore liable to fogs, for a light which might be 
visible at a lower level may be obscured by the fog above. On the 
other hand, where towers serve as landmarks during the day, they 
are sometimes made higher than is required for the range of the light. 
It is very seldom that a height above the sea of more than 150 ft. 
is desirable, and 200 ft. may be considered the maximum. 

The greatest modern improvement in lighthouse illumination has 
been the substitution of the dioptric system, or the refraction of light Dioptric system, 
by means of glass lenses, for the earlier catoptric system by which 
light is reflected by polished metallic mirrors. Lights of whichever 
kind are divided, according to their intensity, into 6 orders (sometimes 
subdivided or extended) of which the ist, 2nd, and 3rd are the only 
ones used for important sea-lights, the other and less powerful being 
used for harbour-lights, or local service only. The distance to 
which a light is visible depends on various conditions which are 
liable to modification, according to the exact kind of light adopted, 
and other circumstances. The character given to a light, apart from 
its intensity, is determined by what is considered necessary to dis- 
tinguish it from others. The different kinds adopted are — Fixed 
lights, Fixed lights varied by flashes. Revolving lights gradual. Flash- 
ing lights quickly but gradual, Intermittent lights without any gradual 
change. Intermittent for unequal periods. Coloured lights. The last 
named are seldom used except for harbour or local service. But 
besides these there are double lights, one above the other in the 
same tower, or side by side on separate towers. 

A certain diameter of lantern is necessary to each order, the ist, 
2nd, and 3rd having about 12 ft., 10 ft., and 8 ft, respectively; the 
4th order, 6 ft. ; and the 5th and 6th orders about 5 ft. The cost of 
the lantern depends on the diameter, but the cost of the optical 
apparatus depends not only on its rank, but also on the area within 
which the light is to be visible. With a fixed light the maximum 
expense is for an apparatus illumining the complete circle of 360°, 
but as the principal item of cost is in the numerous prisms for the 
lens apparatus with their subsidiary parts, all of which can be 
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Iron towers. 

Screw piles. 
Seepage itby Part I. 



diminished as the arc becomes smaller, the cost is greatly reduced 
when only a narrow beam of illumination is required. Or even when 
the complete circle is required, the light — ^as when situated at the 
head of a gulf, or near the shore — may be concentrated most strongly 
in one direction, less expensive apparatus sufficing for the lesser dis- 
tance in all other directions. A revolving light may be made the 
most powerful of all, for the light abstracted in the apparatus from 
the dark intervals may be made to contribute a proportionate in- 
crease of brilliancy. Therefore, while an all-round light may be pre- 
ferable for other reasons, important coast lights which are sighted 
first by vessels from beyond sea are frequently made as revolving 
lights to obtain the maximum intensity. Thus in a light of the rst 
order, with a narrow beam of 6°, a flash may be obtained of intensity 
eight times that of the fixed light 

The height of the tower being determined by the range of distance 
required, its diameter depends partly on what is necessary for 
stability, and partly on the diameter of the lantern. The shape of 
tower, and the material of which it is composed, depend on the nature 
of the foundations, on the forces of wind or wave that it will have to 
withstand, and on the materials obtainable in the locality. In exposed 
situations nothing has proved so good and permanent as masonry, 
the great weight of stone towers giving them a stability against the 
waves ; and in countries where suitable stone is wanting, it might even 
be expedient to bring the stone from a distant country. But the ex- 
perience gained with Portland cement and concrete has shown that 
it may be safely applied to lighthouses. While, however, the cohe- 
sion and weight of concrete may render it suitable in many cases, 
either alone or in combination with ironwork, it is not so suitable as 
stone for towers exposed to the waves, because, for facility in erection 
the blocks must be kept within a certain weight, and therefore of a 
limited size, fitted and fastened together in a manner for which stone 
is better suited than concrete. 

It is seldom that iron cannot be adapted if necessary, and in cases 
where the foundations are not good, it may be the best or only 
suitable material. Thus on sand banks or mud shoals, screw-piles 
have proved effective for lighthouses as for other structures similarly 
situated. But as towers built of iron framework are not so well 
adapted as stone towers for dwelling rooms, iron is best used in those 
cases where detached storehouses and dwellings can be conveniently 
erected. 



Part II.] 



Lighthouses. 



441 



Open framework 
of iron. 



In all structures exposed to the wind and the waves, it is best to Exposure to wind 

.,,,,, . ,. , - Ml 1 • *°** wave. 

avoid the shocks by exposing as little surface as possible to then: 
direct action, and while in masonry towers this is done by having a 
smooth circular shaft with no angles or corners opposed to the 
wind, and waves, in a tower made of iron columns the same result 
is attained, sometimes by adopting the shape of a masonry tower 
with a smooth outside of iron plates, but more often by having an 
open net-work through which the wind and waves can pass ; stability 
being assured by the disposition of the supports, and the arrange- 
ment of the bracing ; in this respect the principle followed for a light- 
house being similar to that in an iron landing-pier. 

The numerous iron lighthouses that have been built may be divided 
into three principal types. The first is that of resembling a stone 
tower by having its full diameter enclosed, this being sometimes 
adopted because of its supposed more pleasing appearance, or to 
afford space within for living rooms. It is, however, more expensive 
than other kinds, and is seldom adopted. The second type is that 
of a central shaft or column (which for lights of the first 3 orders 
is about 6 ft. diameter) containing a spiral staircase, and round this 
central shaft are arranged a series of exterior columns of small 
diameter strongly attached to the central one at each tier by hori- 
zontal bracing, and continuously from top to bottom by diagonal 
bracing. Towers of this kind have in plan the form of a polygon, 
the diameter of which ranges from 10 ft. to 15 ft, according to the 
diameter of the lantern. Towers such as these suitable for lights of 
the first 3 orders would cost about ;^7oo to ^£'1,000 if made 50 ft. 
high, and weigh about 40 tons for transport ; firom ;;^i, too to ;;^ t>3oo 
for a height of 60 ft., with a weight of 50 to 60 tons ; from ;£'i,8oo 
to ;;£'2,ooo for a height of 100 ft, with a weight of about 70 to 100 
tons ; and about ;^4,ooo for a tower 150 ft. high, with a weight of 
about 150 tons. But while these prices and weights may approximately 
represent what is necessary for the respective heights above the 
ground level, extra expense is incurred if, because of the loose nature Extra expense for 
of the ground, a wide base is necessary or screw-piles and other iron- o""**"* o^s- 
work are required below. In such cases the weight and cost of the 
tower would be increased according to the depth and extent of the 
foundations. The third type of iron tower is that of a central column 
with only three outer columns connected occasionally by horizontal 
bracing to the centre. Such towers cost from 10 to 20 per cent. 
more than those above described. 
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coBtoffixinc The cost of fixing iron towers depends mainly on the difficulties of 

the site, so that while from jQ^ to jQ/^ per ton would suffice if erected 
on the mainland, a wider range is necessary to include what may be 
the cost on an exposed or isolated site. The approximate {nices 
here stated are for the ironwork only. The woodwork and other 
Internal fittings, internal fittings would cost from ;;^ 2 tO;^5 per lineal foot of height 

in addition. The subsidiary expenses arising from distance, diffi- 
culties of access, short hours of working, as well as those often in- 
curred for steamers or boats, all tend to increase the total outlay. 
Moreover, iron towers as just dei^ribed are not well suited for 
residences, only one store and watch-room being generally provided 
immediately below the lantern; living rooms, if provided, greatly 
increase the cost and are not so comfortable as in a stone tower, 
and therefore detached sheds or other buildings would, if possible, 
be necessary or preferable. 

The lantern for containing the illuminating apparatus costs about 
jQtSo for a light of the ist order, about ;^5oo for one of the 2nd 
order, and about ;^35o for one of the 3rd order. The cost of the 
optical and illuminating apparatus depends mainly on the area of 
illumination (whether all or part only of 360°), but also on the cha- 
racter of the light ; and there is therefore a wide range of difference. 
Thus according to these circumstances an apparatus of the ist order 
may be of any price between ;i^ 1*500 and ;^3)Ooo; an apparatus 
of the 2nd order, ;^ 1,000 to ;;£2,ooo; an apparatus of the 30! 
order, ;£'7oo to ;i^ 1,300. To the above prices of lanterns and appa- 
ratus it would generally be necessary to add from 5 to 10 per cent, 
for accessory and duplicate parts. 



Cost of lantern. 



Cost of optical 
apparatus. 





Harbour-lights. 



While the foregoing particulars may indicate the cost of light- 
houses in simple cases, there are often occasions of great difficulty 
which are outside any ordinary estimate of cost. Thus, while many 
important lighthouses have been constructed at a total cost including 
all accessories of from ;^6o to ;^ioo per foot of height, other struc- 
tures on exposed or difficult sites have cost from ;f 150 to jQz^^ 
per foot, and in a few cases even as much as ;^5oo ; such an ex- 
treme rate arising either from the extraordinary difficulties or from 
the number and extent of subsidiary charges for land, adaptation of 
the site, foundations, and buildings. 

The above prices are for sea-lights only, a much lower rate of ex- 
penditure being necessary for harbour-lights. In regard to the opti* 
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cal apparatus, whatever may be the intensity of the light, the same 
principle is applied as in sea-lights, the saving being in the size 
and number of the prisms and the various accessories of the appa- 
ratus. Beginning at the smallest, pillars 20 ft. high with lantern and 
apparatus of illuminating force equal to that of a steamship light 
would cost from £,t^o to ;^ioo, rising to ;^2oo for a pillar with a light 
of the 6th order, and with a cabin for storing the accessories. 
Stronger columns suitable for lights of the 5th and 6th orders cost, 
exclusive of the lantern and apparatus, from ;£^ioo to ;;^ 150. Iron 
towers 20 ft. to 30 ft. high, suitable for lights of the 4th, 5th, and 
6th order, with a spiral staircase within and gallery at the top, cost 
from ;;^3oo to ;£^Soo. The lantern and apparatus for lights of the 
4th, sth, and 6th orders cost from ;;^2oo to ;i^Soo. 

The Electric Light has been introduced with great success in 
several important lighthouses, and its use will probably become 
greatly extended. In regard to the tower and the lantern, the 
system usual in ordinary lighthouses is generally followed, and 
subject to contain modification in the lens apparatus also. The 
additional apparatus consists of a motor which may be either a steam- 
engine gas-engine or compressed-air engine, the dynamo-electric 
machine or generator, and the lamp. But while serviceable for 
lighthouses situated on shore and within reach of skilled workmen 
to maintain in working order the more delicate parts of the apparatus, 
it has not yet (1880) been considered prudent to adopt the electric 
light for isolated beacons. The cost of the machinery and equip- 
ment is increased by the necessity of having all in duplicate. The 
cost of maintenance is more than for ordinary lamps, but less if 
reckoned according to the brilliancy of the light. 

Lightships are generally used as warnings against shoals, in situa- 
tions where lighthouses would be impossible or too costly for the 
purpose in view. The expenses connected with the establishment 
of lightships round the British coast have varied considerably, but 
they have cost on an average about ;^ 5,000 each. 




Electric Ught. 
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Buoys for marking navigable channels can be made as serviceable lUuminated buoys, 
by night as by day by charging them with compressed gas of a SfeGAs^^a^eigj. 
special kind, which, as it issues forth, burns in a suitable apparatus, 
and cannot be extinguished by the waves. Such buoys of wrought- 
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iron or steel, of capacity sufficient for six weeks' illumination (burning 
night and day) cost from ;i^3oo to ;^Soo each exclusive of moorings. 
The shore apparatus for making and compressing the gas costs from 
;^5oo to ;^i,ooo, to which would probably have to be added ;£^Soo 
for storage-tanks and buildings. One set of apparatus and buildings 
would serve for numerous buoys. 
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The following are the particulars upon which the design of a 
lighthouse and its cost depend, and which must be furnished to the 
engineer. In important cases, where difficulties of site have to be 
considered, even the fullest information will allow only of a prelimi- 
nary scheme, a careful survey by the engineer who is to make the 
design being then necessary. 

1. The general purpose of the light, whether as a sea-light or only 
as a local harbour- light. 

2. A chart showing the whole area within range of the proposed 
light and the neighbouring coast-line, indicating the headlands or 
rocks which would hide a view of the light Upon this chart should 
be marked the soundings, the routes generally taken by passing and 
approaching vessels, the existing buoys or landmarks and the rocks, 
shoals, currents, or other dangers to be avoided, and which it is the 
purpose of the light to warn against. The site on which it is pro- 
posed to erect the lighthouse, or alternative sites, should be marked, 
and the reasons for and against each stated. Upon the chart, or 
on a map of smaller scale, the other lights in the vicinity should be 
marked with the area they each illumine, the character of each, and 
the course generally adopted by vessels in passing from one to the 
other and making land. 

3. A plan on a large scale of the site on which it is proposed to 
erect the lighthouse with the levels above the sea marked on it. If 
on shore, with no difficulties, a general description of the ground, 
the area available for buildings, and its suitability for foundations 
will suffice. If on a shoal or rock or reef, the fullest possible infor- 
mation should be given, not only of its present condition, but of any 
alteration which may have been noticed in the past so far as will tell 
the probabilities for the future. If sand or mud, its density and firm- 
ness and the underlying strata as ascertained by trial borings ; also its 
liability to shift under the action of the sea. If the foundations be 
very bad, the suitability of the sea-bed as anchorage for floating light- 
ships or illuminated buoys. If the site be rock, its nature and strati- 
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fication, with a description of any fissures or hollows by which its 
solidity and permanency may be estimated. These latter particulars 
may with advantage be given on a relief map or model, showing 
the contour of the site and the level of the sea at various seasons. 
If the site is covered at any time by water, or washed by the waves, 
the periods at which work could be carried on, and the facilities for 
landing and erecting temporary buildings should be described as 
far as possible. 

4. If the lighthouse or its foundation is to be actually exposed 
to the waves, particulars should be furnished as to their direction, 
height, and force ; the strength of the wind, the directions from which 
it blows oftenest and strongest, and the occurrence of hurricanes. 
The climate should be described, the extremes of heat and cold, the 
rainfall and snowfall. If fogs or mist occur in the neighbourhood, 
or within the range of the proposed lighthouse, their seasons, dura- 
tion, and height, and any circumstances which may assist in deter- 
mining the power and range of the light, and the necessity for fog- 
horns or bells. 

5. If the site of the proposed lighthouse is only accessible by 
boats, the frequency with which it can be visited, the size and kind 
of vessels obtainable, the likelihood of inaccessibility during rough 
weather, and the distance from \vhich food, fuel, water, and stores 
would have to be brought, and any other circumstance by which the 
accommodation for living room and stores may be considered. 

6. If the site be on shore, the nature of the water supply, so far as 
will indicate the necessity for tanks, wells, or pumps. If illumi- 
nating gas is available, or coal for gas making, its kind and cost 
should be stated. 

7. The kind of stone, brick, lime, timber, and other building 
materials available, and their approximate cost ; the distance they 
would have to be brought, the distance from a port of arrival, the 
cost of carriage, and the dues and import taxes which would have to 
be paid. The kind of skilled workmen and labourers obtainable 
and their rates of wages, so far as will determine the kind and 
number of workmen who would have to be sent to erect the 
lighthouse. 

8. The tenure on which the site would be held, the funds avail 
able for construction and maintenance, and their source ; the autho- 
rity or jurisdiction under whom the lighthouse would be built and 
managed. 
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Lighthouses are in almost all countries built at the cost of the 
State, and are maintained free of special charge to shipowners or 
Cost of mariners. England is one of the few countries where the cost of 

maintenance is met by tolls on passing vessels. There have also 
been occasional cases where concessions have been granted to 
private speculators who have been allowed to reap a revenue from 
tolls and imposts. Harbour-lights are generally constructed at the 
cost of the port authorities, who either maintain them free, or include 
the charge in general harbour dues. 



Tolls. 



THE END. 
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Boilers, central 74 

Cornish 164, 166, 168 

cost of in proportion to engine... 174 

crane-engine 167 

defects in 277 

egg-ended 163 

foundations for 62, 182 

hybrid t 166 

inconvenience of 191 

injectors for feeding 211 

iron suitable for 137, 141, 168 

Lancashire 164 
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Boilers, locomotive ... 165, 275, 276, 278 

marine 164, 165 

multitubular 164, 167 

portable-engine 165, 188 

primingof 170 

rock-drill 170, 394 

self-contained 165 

small 167 

spare 166 

stationary-engine 165 

steam -blast for 165,184 

steam-hammer 350 

^ steel 153 

testing of. 168, 283 

. unsuitable 49 

wagon 164 

water for 182, 258 

Boness, cannel coal at 122 

Boring, diamond-drill 389 

lathes 319 

machines 320 

rock-drill 391 

rods 387 

tools \ 386 

Borrowed money for works 47 

Bought and sold note 2 

Bowling iron 141 

Bounties on manufacture 54 

Brakes, air 91, 295 

continuous 276, 282, 295 

effect of on wheels 292 

steam 276, 282 

Bramah press 80 

Brand, Portland cement sold by 418 

Brands of iron 18, 131, 135, 146 

of pig-iron vary 131 

or trade-marks 18, 135 

Brass, alloy for 237 

engine bearing 277 

tubes 237 

Brazilian coal, transport of 122 

Break-down cranes 260, 36 1 , 366 

Breakwaters, cranes for building 376 

Brick hearths, smiths' 340 

Brickfields, pitch-chains used in no 

Brickwork cylinders, pneumatic 410 

Bridge piers, foundations for ... 386, 410 

plates 142 

steel 153 
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Bridge piers, pneumatic methods for 409 

Bridges insufficiently described 5» 1 1 

railway ! 260 

unsuitable piers for 49 

Briquettes, cement testing 415 

Bristol Channel coal ports 122 

British sterling 47 

Brittle iron 138 

Brotherhood's 3-cylinder engines 175 

Bucket and plunger pumps 199 ' 

Builders' contracts 10 

Buildings, factory 57i 6S» 264 

Buildings, fire-proof 432 

for steam-engines 182 

iron 432 

suited to climate 42 

Bulb iron, rolled 150 

Bull-head rails 241 

Bull pumping-engines 202 

Bungalows, iron 436 . 

Bunker coal 127 

Butt- welded tubes 236 

Buoy?, illuminated.. 443 

Buyer, details avoided by 5 

specification of 4 

B. W. G 144 

Caissoons, subaqueous air ... 86, 410 

Calcining-kilns, cement 414 

Canal, carriage by 58 

Capital abundant in England 64 

in manufactures 66 

outlay for factories 5i» 63 

Capstan-rest tool -holder 310 

Capstans, warping 363, 368, 370 

Carbonate of lime for cement 413 

Cardiff, coal shipped at 122 

Cargo cranes <it docks ....4 371 

Cargoes, coal 124 

out and home 36, 126 

pig-iron 134 

miscellaneous 35 

Carriage cheap by sea 59 

importance of to traders 57, 58 

inland 40, 131, 133 

Carriages, American railway 289 

railway 288 

Cartage saved by railway sidings 59 

Carting into factories 64 
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Case-hardening... 179, 281 

Casks for cement ; 419 

Cast-iron, malFeable 154 

strength and quality of 132, 229 

testing of. 133 

Castings purchased, not made 67 

Castings, Scotch iron 131 

steel 154 

Catalogues, choice from diiiicttlt, 13,177,355 

impossible in some trades 13 

selling by abused 13 

some makers averse to 14 

Cataract in pumping engine 200 

Catoptric light, lighthouse 439 

Cattle-guards, locomotive 274 

Caution money 43 

Cement-making, coke for 128 

Cement, Portland 412 

works, London 413 

Cenis, railway over Mont 271 

Centrifugal pumps 208 

engines for 184 

Chain pumps ^ 210 

Chains, transmission of power by, 100, 106 

Chairs, railway 246 

keys for ..• 247 

trenails for 247 

Chaldron, coke sold by 129 

Chalk, cement made from 413 

excavation of 383 

export of 421 

Channel iron, bending of 331 

rolled 150 

Charcoal iron 142 

sheets ,• 144 

Charter party , 2 

Chartering of vessels 35, 37, 126 

Cheapness promoted by certainty ... 21 

Chemicals sold by analysis 28 

Cheshire coal, shipment of 122 

Chilled-iron crossings , 252 

railway wheels 278 

Chisel drills 387,391 

Choice of goods for export 48 

Cinder iron 133 

Circular saw for iron 353 

Clearing-house, foreign exchange ... 47 

Cleveland iron 131, 133, 141 

Climate as affecting manufacture 56 
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Climate, buildings suited to 42, 56 

machinery suited to 42 

Clinker, Portland cement 414 

Coal, annual quanti ty exported 122 

anthracite 120 

bituminous 120 

broken in loading 123 

calorific power of. lao^ 168 

cannel 121 

cargoes, ventilation of 123 

choice of for export 124, 127, 168 

classification of 120 

coking of , ii9k 127 

consumption of per H.P. 162, 184, 203 
consumption in coal ships ... I27» i§9 

contracts in advance for 1 25 

cranes for discharging 377 

deterioration by climate 125 

evaporative power of. 119 

export of i2i» 124 

for melting metals 119 

friable 124 

gas explosion of 123 

gas-making 120, 124^ 127 

Glasgow hard-splint 122 

patent fuel 121 

screening of. 124 

ship charters 126 

shipped as ballast ia6 

shipping ports 122 

storage of » 124 

stowage of on ships 125 

weighing of for export 126 

Welsh 129 

Coating of iron pipes » 230 

oftubes » 237 

Coke , 127 

cement calcined by 128, 414 

Durham 128, 129 

export of 129, 13c 

fuel for locomotives 129 

gas 128 

smelting iron by 128, 129 

sold by weight or measure 1 29 

washing of 128 

weight of increased by moisture 129 

Coking ovens 129, 413 

Cold-blast iron 130 

Cold-short iron 13S 
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Colonies, factories in 51 

galvanised iron for 14.5, 429 

iron houses for 435 

Columns, facing of. 431 

Columns for iron buildings 424, 431 

Compensators, railway signal 102 

■Competition, unfair preference in ... 9, 12 

Compound steam-engines 171 

Compressed air, advantages of. 88 

conveyed in pipes 87 

cranes worked by 368 

de^ees of pressure of 94, 176 

difficulties in use of 89, 95 

engines 91, 176, 193 

expansive force of ^ 

hammers worked by 352 * 

launches propelled by 92 

locomotives 286 

loss in use of 89 

pipesand tubes for 94 

portability of 87, 176, 286 

refrigerating by 88 

riveting by 334 

rock-drilling by 392 

storageof. 90, 176 

torpedoes propelled by 176 

tram-cars propelled by 92 

transmission of power by 86 

usual pressure of 94, 95, 176 

ventilation of mines by 91 

water-power for 89, 393 

weight of. 91 

Compression of 0teel, hydraulic 85 

Concessions for factories 54 

Concrete, advantages of 412 

blocks 376,412 

foundations for machines 334, 353 

materials for 420 

mixture of 420 

blocks, cranes for 376 

deposited in bags 420 

fireproof 433 

lighthouses built of 440 

Condensation in steam pipes, 73, 368, 393 

Condensen, detached 172 

horizontal engine 174 

Condensing engines 160, 169, 171 

water for 61,182 

Conductor-rods, electric 96 
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Confiscation, fear of, restrains trade 9 

Connecting-rods, long 100 

railway signal loi, 256 

transmission of power by ........ . 99 

Consmmer, factories near to 60 

Continuous brakes 182,276, 295 

Contract and purchase i 

Contractors' charges checked 31 

cranes 360, 374, 376 

locomotives 282 

portable engines 183 

points and crossings 252 

rails 243 

jailway wagons 305 

risks 21 

repelled by uncertainty 9, 10 

unwilling to tender 6 

Contracts based on sample 15 

based on specification 4 

based on usage -. 3 

certainty in 9 

coal 125 

freight 36 

implied conditions in 3 

made by letter 2 

one-sided 7 

rail 244 

for repairs 27 

speculative -. 9, 30 

too elaborate 2 

verbal 17 

Contributory trades, manufacturing 60 

Copper conductor-rods, electric 96 

roof covering 427 

tubes 237 

Copying lathes 312 

tools .' 324 

Coral, cedent tnade from 422 

concrete made from 420 

Combh boilers 164, 166 

pumping-engines 201, 203 

Corrosion of iron buildings 429 

ofpipes 230 

Corrugated iron sheets 145,429 

Cost, estimates of valuable 12 

Cotton ropes as belting no 

transmission of power by 112 

Coupled wheels, locomotive 273 

Crabs, hoisting 356, 363, 368 
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Cranes 355 

anchored down 361 

balance -weight 358, 361, 366 

break-down 260, 361 

boilers for 167 

cargo 366,371 

choice of 374 

classified 355 

coal-shipping 372 

compressed-air 368 

concrete-block lifting 376 

contractors' 360, 374, 376 

derrick 357 

double-power 362 

factory 64,68, 372 

far-reaching 376 

foundations for 35^*37^ 

floating ' 376 

foundry 359 

friction of 365 

gantry 373 

Goliath 373 

hybrid 355, 372, 376 

.hydraulic 368 

jib 357. 37I1376 

landing-pier 359 

lathe 311 

manual power calculated 364 

movable 371 

portable 190, 367, 376 

powerful 362, 375, 376 

public works 360, 374, 376 

radius of , 260, 377 

railway gauge for 361, 362 

railway-station 59, 369, 371 

railway travelling 260, 36 1 , 366 

riveting-machine 333 

sheer :. 357 

single power 362 

smithy 343, 359 

stayed by wire rope 360 

steam 365 

temporary 360, 374 

traction engine 190 

travelling 64, 372 

treble power 363 

warehouse 360 

wharf 358 

winding-barrels of 363 
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Creosoted sleepers 249 

Crossings, railway 252 

Crucible steel 150, 153 

Cumberland haematite iron 134 

Currency, bi-metallic 46 

mixed 46 

Curricle fire-engines 217 

C urves, engines passing round 275 

Cutters, revolving serrated 324 

Cutting-tools, shape of 337 

steel for 337 

Cylinder-sinking, pier 384, 409 

Cylinders, bridge-pier 410 

diameter of engine 161 

hydraulic »« 84 

steam-jacketed ...^ 171 

Deliver, seller's obligations to ... 8 

Derbyshire iron 131 

Derricks, lifting 356 

Designs unfairly obtained 12 

Detailed specifications 5 

Diamond crossings, railway 252 

Diamond drills 5S9 

Diamonds for drilling, cost of 39 1 

Dies, punching-machine 328 

Digging machine 380 

Dioptric apparatus, lighthouse 439 

Dipper dredgers 402 

Disputes arising from vagueness 5 

Distant signals, railway loi, 256 

Diving apparatus 407 

Diving-bell t 408 

helmet and dress 407 

Diving, limits of depth for ...94, 407, 410 

Docks, cranes for 371 

Docks, excavation of; 382 

Donkey-pumps 192, 20S 

Double-action pumps 199 

Doubles, iron sheets classed as 144 

Drainage of site for factories 62 

Drawing, specification consisting of 4 
Drawings and patterns of engines, 177, 279 
Dredger, choice of, how determined 403 

cost of 400 

hopper 399 

Dredger-spoil, delivery of 398, 400 

weight of. 402 

Dredgers, dipper 402 
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Dredgers, floating 397 

land 380 

navigation of 401 

shipment of 401 

travelling 380 

Dredging aided by water pressure ... 403 

by air pressure 403 

cost of 402 

hydraulic power for 402 

subaqueous 384, 397 

Drill posts 317 

Drilled holes in pipe flanges 233 

Drilling-machines 313 

bench 313 

flexible shaft for 317 

girder plate 318 

hand brace 316 

horizontal 316 

multiple 317 

pillar 313 

portable 316 

preparation for 68, 69 

radial 314 

wall 313 

Drilling to gauge 319 

V, punching 328 

Drills, diamond 389 

jumping 387 

rock 391 

twist 318 

Driving-wheels, locomotive 269 

Drying-floors, cement 413 

Ductility of iron 137 

Duplex punching-bears 330 

Duplicate parts of machines 41, 280 

parts of engines 41, 166, 180, 281 

Durham coal 122 

coke 128, 129 

Duties, import 38 

Duty of pumping-engines 203 

Dynamic force of engines 162 

Dynamite, air fouled by 91 

useof in tunnelling 395 

Dynamo-electric machine 95, 193 

East-River bridge caissoons 41 z 

EffiBctive horse-power l6l, 203 

Ejector, compressed air 86 

Elasticlimit of iron 137 
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Elastic limit of steel 152 

Electric light for factories 62 

for lighthouses 90, 443 

machines, gas-engines for 73, 193 

Electricity, conductors for 96 

loss in transmission of 96 

transmission of power by 95,191 

Elevators, grain 377 

water 212, 259 

Embankment, machine-dug soil for. . . 383 

Emery discs..... 325 

Emery-wheel grinding tools 324 

Enamel, tubes coated with 237 

Engineer arbitrators 9 

contractors n 

Engineering factories 55 

Engineer*s aid in purchasing 13 

Engineers, powers of alteration by ... 8 

Engines, electric 95 

gas 192 

horse-power of 160 

hot-air 192 

steam .157 

water 78, 194, 372 

Equilibrium valves in pumps 203 

Equitable conditions in contracts 8 

Erection of machinery 40, 182, 334 

Estimating, skillin 6 

Estimates of cost valuable 12 

Excavating by compressed air 86, 403 

by syphon.....* 385, 400 

Excavation, subaqueous 384 

machine '... 379 

Exchange, bills of 45 

current rate of. 48 

fluctuations in rate of. 46 

losses by falling 47 

rate, how determined 45 » 47 

rate of foreign 45 

Excise laws hinder trade 55 

Expansion of steam ■. 170 

Explosives for tunnelling 91, 395 

Export, packing and stowage for 37 

purchase for 32, 48 

quality of goods for 38 

Extension of factories 63, 67 

Extras and omissions in contracts 24 

on portable engines 187 

on rolled iron 13^ 
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Extras on sheet iron 144 

steel 154 

Pacing.point lock 256 

Facing-points, connecting-rods for ... loi 

on railways 251 

Factories, capital outlay in 631 68 

designing of. 67, 266 

establishment of. ....50, 55 

extension of. 67, 266 

foundations for 62, 266 

hoisting and haulage in 64 

in new countries ;.... 51 

measures of output in 67 

near to consumers 60 

order of procedure in 64 

railway 266,281 

reserve of land in 68 

road approaches to 59, 69 

shafting for 69 

simple buildings for 57 

tramways in 65 

upper storeys in 64 

Factors 13 

iron 136 

Failures in manufincture, causes of ... 51 

Fans, smithy blast 341 

ventilating 91 

Faraday's electric force 95 

Farnley iron 141 

Fast and loose pulleys ...I 107 

Feed-pumps for boilers 173, 207 

Feed-troughs, locomotive , 259 

Feed-water, heating of 184 

Fell system of railways 271 

Fir timber for railway wagons 300 

Fire, iron protected from 433 

Fire-bars, boiler..... 168 

Fire-boxes, plates for 141 

Fire-bricks 340, 342 

Fire-engines 216 

cost of 219 

curricle 217 

floating 221 

hose-pipe for 219 

London Brigade 217 

manual 217 

steam 218 

weight of 219 
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Fire-engines establishment, cost of ... 222 

Fire extinction 214 

in London 215, 222 

water-supply for 79, 215 

jets 215, 216 

Fire-proof buildings 432 

Fishing-joint, rail 241 

Flange joints of pipes 227 

joints of tanks 223 

rails 240 

Flexible drilling-shaft 317 

Floating cranes 376 

fire-engines 221 

Flooring, fire-proof 433 

Flow of solids, punching by 330 

Fluctuations in exchange 46 

prices 33 

Foot-pounds, power measured by ... 160 

Force-pumps 199 

rotary 207 

Force, transmutation of. 72 

Foreign exchange, rate of. 45 

trade unprotected 51 

Foreigners forbidden to trade 54 

Forges, rivet 344 

smiths' 343 

Foxing, hand or power 345 

hydraulic 353 

machines 352 

Forgings, hammers for heavy 347 

purchase of 67, 347 

Foundations, bridge 49, 386^ 410 

crane 358 

factory building 62, 266 

inappropriate 49 

machine tool 334 

steam-engine 182 

steam-hammer 349, 351 

trial borings for 386 

Foundry coke 129 

cranes 359 

pits, lining of 62 

railway... 264 

France, horse-power in 160 

iron joists used in 148 

ironworksin 135 

money currency in 46 

Free-trade, advantagesof 53 

freight rates reduced by 36 
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Freehold land forfactories 62 

Freezing of air pipes S8 

hydraulic pipes 85 

Freight, rates of, how deteriiuDed...35, 284 
Fribourg, wire-rope transmission at . . . 1 14 
Friction brakes, engines tested by ... 185 

of air in pipes ^ 88 

ofshafting 105 

of water in hose-pipe 215 

of water in pipes 79, 198, 215 

Frontage for factories, river 62 

Fuel, choice of for boilers 168 

cement-making 414 

coal as 119 

coke as 128, 413 

consumption in locomotives 274 

in portable engines 184 

in stationary engines 1 62 

economy of 163, 169, 184 

essential to manufacturers 60 

force 157 

force transmuted.. 98 

gas used as 192 

locomotive 121, 129, 259 

oil used as 98 

patent 121 

peat used as 72 

portable, engine 187 

refuse as 164,185, 187 

steam-engine 182 

strawusedas 185 

suitability of 61 

supply, locomotive 259 

transmission of power by ...72, 95, 157 

wood used as 185, 274 

zinc used as 95 

Fulled raw-hide belting 109 

Furnaces, rivet 343 

smithy 342 

Gable roofs 426 

Galvanised iron sheets 145, 429 

tanks 226 

sheets, packing of 146 

painting of 429 

Gauibia for tanning leather 109 

Gantry cranes, travelling 373 

Gap lathes 305 

• Gas and water engines compared 195 
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Gas and water engine, cannel coal for 121 

coke, uses for 128,413 

Gas-en^nes 72, 192, 259 

accumulator pumped by 193, 371 

electric machines driven by 73 

pumping of water by 194 

Gas explosion of coal cargoes 123 

fuel a power t ransmitter 72 

holders, iron sheets for 144 

* making, selection of coal for ... 124 

supply at factories 61 

tariff in local currency 47 

works, refuse coke from 1 28 

specified by sample 16 

yield of from coal 120 

Gauge of tramway in factories 65 

piles 406 

width of for cranes 361 

Gauges, drilling 319 

for sheet-iron 145, 429 

Germany, cement made in 421 

horse-power in 160 

iron-works in 135 

Glasgow, coal shipped at 122 

Glass, cost of in roofing 435 

packing of for shipment 427 

Gold standard of currency 46 

Goliath crane 373 

Goole, coal shipped at 122 

G o vemment aid to manufactures 56 

interference with trade 54 

Grain elevators 377 

Gradients, railway -270, 299 

steep 271 

Grappling tools, boring 388 

Gravity-force of water 90, 157 

resistance on gradients 270 

Greaves' pot sleepers 249 

Greenock, coal shipped at 122 

Grimsby „ „ 122 

Grinding-machines, emery 324 

of tools 338 

Portland cement 414 

Grooved pulleys, rope belting for 1 10 

Ground-floors in factories 65 

Gunpowder, air fouled by 9^ 

Guy ropes for sheers and derricks ... 356 

Hammering of rivets 331 



456 



Index. 



PACK 

Hammers, compressed-air 350 

smiths* 343 

stamp *.. 350 

steam 344 

tilt 345 

Hand moaey 43 

Harbour lights 442 

Hartlepool, coal shipped at 122 

Hatchways for bulky goods 284 

Haulage and lifting in factones 64 

Haulage on railways 58 

Haematite iron 131, 134 

Head of water, weight of 77 

Hearths, smiths* 339 

Heat force in fuel 72 

inane 73, 95 

Heat, loss of in air compression 87, 93 

in electricity 96 

motors 157, 193 

Heav'y goods, loading and cartage of 59 

Helmet and dress, divers' 407 

Hemlock bark for tanning 109 

Hempen ropes as belting no 

Hide instead of leather for belting ... 109 

High- pressure steam-engines 160 

Hindrances to trade '. 54 

Hipped roofs 426 

Hoisting by water-power 79, 368 

crabs and winches 365, 368, 37a 

in factories 64 

Home trade protected 51 

Hoop iron 150 

Hopper barges 401 

dredgers 399 

Horizontal engines, 173, 201 

Horse-power, coal per, 162, 184, 203, 274 

defined 160 

foreign 160 

indicated 161 

metrical equivalent of 160 

portable engine 184 

real or effective 161 

sale of power by 78, 195 

Horse-shoe iron 137 

Hose-pipe, fire-engine 219 

friction of water in 215 

Hose-reels 220 

Hot-air engines 193, 259 

Hot-blast iron 130, 133 
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Houses, iron 423 

workmen's 62, 266 

Hull, coal shipped at 122 

sale of water-power at 82 

Huts, iron 435 

Hydrants, fire extinction 214 

power-water 79, 372 

Hydraulic accumulator 82, 329, 36S 

capstans 370 

compression of steel 85 

concrete 412 

cranes 84, 368 

engines 78, 196 

force intensified 83 

forging of iron 353 

jiggers 372 

machines, bursting of 84 

pressure in 83 

mining 81 

power described 76 

dredging by 402 

presses 81, 84 

pressure, limits to 84 

occasions for 85 

punching bears 330 

machines 329 

rams, leather packing for 82 

raising water by 207 

riveting 332, 333 

rods, transmission by 76 

smithing machines..... 353 

squeezing of iron 354 

tools 329 

tubes 236 

z'. steam riveting 332 

winches 79, 372 

Illuminated buoys 443 

Illumination, lighthouse 442 

Impartial tribunals, trade aided by 9 

Import duties 38 

Imported goods, where advantageous 52 

Imports based on trade-marks 18 

India, railway carriages in 289, 291 

silver currency in 46 

Indicated horse-power ^61 

Indicator, steam-engine 161 

Industrial dwellings, power for... 74, 116 
Ingot moulds for steel 134 
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Injector boiler feeder 2x1 

Inland carriage 40, 131, 133 

Inspection of works, delay in 8 

Insufficient particulars from abroad... 48 

Insurance, marine 37 

of iron cargoes 134 

Interchangeable j)arts of engines, 185, 280 

Interest on capital in factories 63 

payable in sterling 47 

Interlocking railway signals 102 

Intermediaries in manufactures 69 

Inventions common to all countries 50 

Ireland, railway wagons in 299 

Iron, angle 147 

bar 146 

best and best best 135 

blacksmith's : .138 

blooms, hammers for « 345, 347 

boiler-plates 137 

Bowling 141 

brands of 18, 135 

bridge-plates 142 

brittle *. 138 

bulb 150 

cai^oes, insurance of 134 

castings, quality of 132, 229 

channel 150 

charcoal 142 

cinder 133 

circular-saws for 353 

cold-short 138 

continental makers of...... 136 

corrugated 145, 429 

cost, how determined 139 

damaged by punching 328 

defects in rolled 138 

ductility of 137 

elastic limits of 137 

export of. 133, 138 

extras on rolled 136 

factors 136 

Famley 141 

founding, choice of iron for 134 

founding, coke consumed in 1 29 

haematite 134 

hoop 150 

horse-shoe 137 

hydraulic squeezing of 354 

irregular sizes of 141 
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Iron joists 140, 148, 424 

lighthouses 440 

Lloyds' rules for 142 

Lowmoor 141 

made to suit purpose 139 

malleable 135 

merchant-bar 136 

merchants' stocks of 139 

North-country 136 

pattern-books of rolled 140 

permanent set of. 137 

pig 130 

piling of for rolling 138 

plates 141 

quality of, how stated ... 18, 135, 136 

rails 139, 239 

red-short 138 

rolled 135 

rolls, cost of 141 

sheet 144 

small quantities expensive 140 

Staffordshire 136 

strength of cast 132 

Swedish 142 

tensile strength of 137 

tests of cast 133 

tests of rolled 136 

trade, changes in the 135 

trade subdivided 65 

unmarked 135^ 

variety of sizes costly 140 

waste in cutting of 139 

work, painting of 422, 426, 429 

Yorkshire , 141 

Irredeemable paper currency 46 

Irrigation, portable engines for 1 84 

Jealousy of foreign traders 54 

Jets, fire extinction 216 

Jib cranes 357. 374, 376 

far-reaching 376 

hydraulic 371 

stability of 358 

J ibs, wood or iron for cranes 362 

J iggers, portable hydraulic 372 

Jointing of ironwork 431 

ofpipes 227 

oftanks 223 

Joints in pipes, leaky 228 
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Joists, Belgianiron 148 

best uses for iron 142,424 

rolled-iron 140, 148 

Judges refer cases to arbitration 9 

Jumping holes in rock 387 

Jurisdiction in contract disputes 9 

Keel of coal a measure of weight za6 

of coke I, ,» 130 

Kehlof, water-power at X15 

Key piles 405 

Kilogrammetres, power measured by 160 

Kilns, cement calcining 414 

Labour-saving processes 63 

subdivision of 60 

supply for manufactures 60 

Ladder dredgers 397 

Lancashire boilers 164, 166 

coal 122 

iron 131 

Land, adaptation of 62 

by railways valuable 261 

carriage dear 36 

choice of for factories 62 

dredgers 379 

for factories, reserve 68 

restraining tenure of 54 

value of for factories 62 

Lap-welded tubes 235 

Lasso ropes of dried hkle 109 

Lathes 508 

boring 319 

cheapen cost of steam-engines ... 177 

choice of, how determined 311 

copying 312 

cranes for 311 

gap • 309 

multiple 312 

railway wheel 312 

railway workshop 265 

screw cutting 310 

slide 309 

special 313 

surfacing 310 

Lattens, iron sheets classed as 144 

Laws in restraint of trade 55 

Leakage of compressed air 88 

of railway bridges 216 
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Leather belting, strength of. 107 

English belting 109 

hose for fire-engine 2ao 

packing, hydraulic cylinder 82 

ropes as belting no 

tanning of for belting 102 

Legal documents in contracts . i 2 

obligations evaded 9 

Leith, coal shipped at 122 

Letters, contracts arranged by 2 

Liability of manufacturers 4 

Lifting and haulage in Victories 64 

pumps 198 

Light and air in factories 64 

Lighthouses 438 

concrete for 440 

cost of 441 

electric light for 96, 443 

harbour 442 

illumination of. 442 

iron 440 

lanterns for 442 

tolls for using 446 

towers for 440 

variety of lights in 439 

Lighting, electric 96 

of fectories, gas for 61 

of iron roofe 426 

Lightships 443 

Lime v. cement mortar 421 

Link motion, locomotive 277 

Liquid ejector, pneumatic Z6 

Litigants referred to arbitration 9 

Liverpool, coal shipped at 122 

Lizard, electric light at the 96 

Llanelly, coal shipped at 122 

Lloyds' rules for ship plates 143 

Loading goods at ports 59, 366, 371 

at railway-stations 59, 260, 369 

at sidings 59 

Loading gauge, railway 287 

Local factories near consumer 60 

Locality, choice of for factories 57 

Locomobiles 183 

Locomotive axle-boxes 281 

boilers 165, 275, 276, 278 

tenders 272 

tubes 235, 276 

wheels 273, 275, 278 
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lx>comotives 268 

adhesion of 269 

American v^ English 277 

bogie-truck 276 

choice of. , 268, 279, 284 

classified ^ 271 

climate effects oa 285 

compressed-air : 286 

contractors* 282 

coupled wheels of 273, 279 

defects in 277 

drawings and patterns of 279 

for sharp curves 275 

fuel, consumption of 274 

supply of 259 

inside cylinder.. , 271 

interchangeable pmts of. 280 

iron casing-sheets for 144 

little 282 

manufacture of 276, 278 

narrow-gauge 272, 283 

outside cylinder 272 

packing of , 283 

patent fuel for.., 121 

piston pressure and speed of. 27 5 

purchaseof 280 

repairing of. 264, 277, 278 

running shed 266 

shipment of. 284 

spark arresters on 274, 285 

speed of , 273 

special tools for 265 

steam-brakes on 276 

steam-pressure in 170, 275 

steel ; 276 

steep gradients for 271 

tank 272, 282 

testing of 283 

tractive force of 269 

tram-car 285 

water supply of 259 

weight and cost of 282 

weight of on bridges 261 

wheel lathes.. 312 

London ihtemational clearing-house 47 

Portland cement made at 413, 422 

fire brigade .......217, 222 

Losses from excessive outlay 63 

from falling exchange 47 
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Lowmoor iron, pig>iron for „ 1 30 

plates 141 

Lubrication, railway axle , . . . 293 

Machine bearings adjustable 335 

Machine-tools 306 

accessories for ,... 336 

arrangement of 69 

choice of 334 

cutting speed of 337 

cutting tools for , 337 

foundations for ..,..» 334 

hydraulic 83, 329, 353 

improvements in... 307 

management of 337 

packing of 336 

piecework with 337 

portable 265, 333 

purchase of 335 

railway 265 

Machinery, Qomplicated 40 

erection of. ,....40, 334 

maintenance of ,41, 10$, 338 

Machine, duplicate parts of 41 

Malleable cast-iron 154 

or rolled iron , " 135 

Malt-kilns, anthracite coal for 121 

Mandril-bars for boring 319 

Manganese ore, price how measured 29 

Manilla ropes as belting no 

Mansell wheels 292 

Manufacture, conditions of 30 

risks and profits of.... 66 

specialties in 67 

Manufactures, subdivision of 65 

Manufacturer's namo as trade-mark 19 

specification ..,.,. 11 

Marine boilers « 164, 165 

engines, compound 172 

insurance 37 

Materials, contiguity to , . . . 57 

folly of taxing 58 

in factories, moving of 64 

of manufacture, purchase of 66 

quality of in manufactures 66 

trade in secondKaod 60 

utilised, local 52 

Measure and value, payment by 32 

Measurement tonnage 35 
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Measures of quantity, customary 24 

Merchant iron 146 

steel 155 

Meter, water sold by 80 

water-power sold by 78 

Metrical horse-power 160 

Middlesborough iron 131 

Milling-machines 324 

M ill-stones, cement ground by 414 

Mine pumping-engines ... 200, 202, 205 

Minerals, rail way- wagons for 298 

Mines, steam-pumps for 205 

use of compressed air in 89, 392 

water-engine pumps in 206 

Mining-tools 386, 389, 391 

Misers, boring 385 

Money, gold standard of 46 

paper 47 

Monopolies of trade 54 

Monte-jus 86 

Mortar, Portland-cement 420 

Motors, gas-engine 157 

hot-air 157 

small 191 

steam 157 

water 7^1 ^57 

Multiple drills 317 

lathes 312 

Multitubular boilers 164 

Myrabolams for tanning 109 

Narrow-gauge, cranes for 36 1 

engines 272, 283 

wagons 303 

Nasmyth steam-hammers 345 

Navigable rivers, advantages of 58 

Naval coal-stations 125 

Navy, steel ship plates for 152 

Newcastle coal 121 

coal shipped at 122 

water-engines at 79 

Newport, Welsh coal shipped at 122 

Nipple-punching 328 

Nominal horse-power 160 

Non-condensing engines 160 

Non- rotative beam-engines 200 

North-country iron 136 

Nozzles for fire-jets 216 

Nuts, tapping-machines for 326 
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Oak bark for tanning 109 

for railway wagons joo 

Oberusel, transmission of power at . . . 114 

Obligations, buyers* 8 

evaded by buyers 9 

imposed by trade-marks 19 

Offers of manufacturers held open ... 34 

to buy or sell 2 

Oil fuel force utilised '. 99 

instead of water in hydraulics ... 85 

lighting of factories 62 

». grease for rail way-axles 293 

Omissions and additions in contracts 26 

One-sided specifications 12 

Order in factories, want of 63 

of procedure in factories 64 

Orders, verbal and written 17 

Ore, absorption of moisture by 29 

for iron-making 130 

from Spain for steel-making ...36, 131 

price measured by units 28 

price of dependent on freight... 36 

smelting furnaces 130 

varies as mines extend 131 

Ores, mixture of iron 131 

Organisation of workshops 64, 338 

Out-of-door work, climate influence on 56 

lighting for 62 

Output, accustomed measures of 67 

Ownership of factories, change in ... 63 

of goods declared 45 

railway-wagons 305 

Packing and stowage for export 37 

galvanised sheets 146 

glass 427 

portable engines 186 

Painting galvanised iron 427 

ironwork 422, 426, 429 

Paper money 46 

Particulars furnished by buyer 5.48 

Particular average, insurance 38 

Passenger carriages, railway 288 

Patent fuel 121 

Patent-right and trade-mark 18 

Pattern-books of rolled iron 140 

Patterns and drawings of engines, 177, 279 

Payment by measure and value 30 

by results 30 
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Payment by schedule, part 44 

depending on success ii 

methods for works 42 

without possession 44 

Payments during manufacture 44 

in sterling 47 

part 43 

Peat as fuel 72 

Percentages, adjustment of price by, 25, 237 

of contents, ore sold by 28 

Permanent set in iron 137 

Pemianent-way, railway 249 

for quick speed 269, 282 

Perte du Rhone, water-power of 114 

Piecework with machine-tools 338 

Pier cylinders, sinking of 86, 410 

Piers for bridges, unsuitable 49 

Pig-iron, breaking of 135 

cargoes of 134 

district for making 131 

export of 133 

foro^n rails from English 141 

haematite 134, 154 

hot and cold blast 130 

mixtures of , 132 

varieties of 130 

Pigs of iron, weight of 135 

Pile-drivers 405 

Pile-drivers, cost of 406 

Pile-driving, schedule rates for ... 27, 407 

weight and fall for 406 

Piles, gauge 406 

Pillar drilling-machine 313 

Pipe founding 227, 228 

Pipes, bolt-holes in flanges of 233 

breakage of in carriage 37, 232 

cast-iron 226 

coating of 230, 237 

concentricity of 227 

copper 237 

corrosion of. 230 

covered with bitumen 235 

erroneous choice of 49 

flange 227 

for compressed air 94 

hydraulic crane 370 

inspectors of 230 

irr^ilar-shaped 233 

lines of in factories 69 
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Pipes,'j)rices of 233-235 

quality of iron for 132, 229 

rain-water 234 

sheet-iron 235, 341 

shipment of... 37 

smithy blast 341 

smoke 339 

sold by weight 231 

spigot and faucet 227 

standard patterns for 233 

steel ..,' 235 

tested in situ 230 

• testing of 229 

thickness and strength of 228 

. weight of..... 232 

wrought-iron 234 

Piston area per horse-power i6 1 

speed of engines 160, 275 

Pistons, hydraulic 81 

Pitch-chains, transm. of power by, 106, 1 1 1 

Planing by serrated cutters 324 

Planing anvil bed-plates 35 1 

Planing-machines 320 

plate-edge 322 

wall 322 

Plate- bending machine 330 

Plate-edge planing-machine 322 

Plate-layers' tools 267 

Plates, boiler 142 

extras on iron 143 

high-quality Yorkshire 141 

limits of size of 143 

rolled as- bars 144 

shearing of iron 144, 327 

ship 143 

steel 152 

tank •. 143 

thin 144 

usual tests for iron 138 

Pneumatic bells ,... 86 

postal tubes •. 86 

sinking of cylinders ...? 86, 409 

tramways \ 87, '92 

Points, interlocking 255 

railway 251 

Port, choice of shipping 36 

Portable compressed air 92 

compressed gas 293, 443 

diamond-drill 390 
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Portable drilling-machine ], 316 

engines 183 

boilers for '165 

competitive trials of 184 

compressing air by 94 

draught of 187 

extras on 187 

misapplied " 187 

packingof 186 

permanent fixing of 188 

prices of 185 

steam-pressure for 184 

forges 3^ 

hydraulic tools 83, 332, 353 

winches , . 7^^ 372 

punching-machines 330 

riveting-machines 91, 333 

water-engines 79, 372 

Portland cement...: 412 

advantages of 412 

air-slaking of 419 

alumina for 413 

blue lias for 421 

calcining of » 414 

carbonate of lime for 413 

carriage of 4x9, 421 

casks for 419 

chalk for 4:21 

clay for 421 

clinker 414 

coke, for calcining 128 

concrete made from 41 2, 420 

coral used for 422 

drying floors for 413 

export of 419,422 

fineness of 415, 416 

fuel for making 128,413 

German 418,421 

grinding of 414 

import duty on 422 

kilns for burning 414 

lime for making 421 

limestone for 422 

London-made 413 

merchantable quality of. 44 5 

natural compounds for 421 

origin of name 412 

packingof 419 

prices of 419 
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Portland cement, quality of 415 

quick-setting 420 

risks in using 416 

sand mixed for testing 418 

settingof 420 

settling backs for ...^ 413 

shells used for 422 

slow-setting 420 

slurry 4^5 

sold by brand 418 

storage of 419 

subaqueous use of 420 

substitutes for 421 

tensile strength of 415 

test-briquettes 41$ 

testing-machines for 418 

Thames and Medway 413 

uses for 223, 227, 412, 420, 422 

weight of 415 

Ports, coal-shipping 122 

customary British 37 

Pot sleepers .*... 249 

Postal tel^aph tubes 86 

Power accumulated by water 77 

accumulators, hydrauiic...82, 329, 368 

for factories, motive 60 

measured by foot pounds 160, 348 

natural sources of. 78, 157 

of engines according to pressure 160 

sale of. 74, 78, 80, 105, 115, "7 

transmission of 70 

utilised for electric lighting 62 

Preliminary description in contracts $ 

Premiums, marine insurance 37 

Press, Bramah 80 

Pressure pumps 206 

Price adjusted by percentages 25, 237 

decided by experts 31 

enhanced by trade-mark 20 

measured by schedule rates ...i.. 21 

measured by sum of money 20 

Prices arranged in advance i 

fluctuations in 33 

follow cost of material 33 

how determined, normal 33 

Priming in boilers 170 

Procedure, order of, in factories 64 

Proces6es,subdivision of in factories, 65, 33S 

Profit in factories, deferred 63 
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Profifs in factories analysed 67 

Prospecting, rock-drill for 390 

Protective duties 38, 51, 52, 422 

Public works described by sample ... 16 

Public works, purchases for 32 

Pulleys, adhesion of belting on 108 

grooved for rope belting no 

Pulsometer pump 211 

Pumping by hydraulic rams 206 

by long connecting rods 99 

by river force 78 

by water-engines 206 

Pum ping-engines 197 

fire-extinction 216 

hydraulic 82 

railway 259 

town-supply .,.,... 2C» 

worked by air 93 

Pumping, gas-engines used for 194 

Pumps, bucket and plunger 199 

centrifugal 208 

chain 2io 

choice of, how determined 212 

double-action 199 

force 199 

for deleterious liquids 213 

hot-water 199 

hydraulic 82, 329, 333 

lifting 198 

mine 200^ 202 

pressure 206 

pulsometer 211 

railway^station 259 

rising-main of 198 

rotary 207 

sand 411 

Punch and die, adjustment of ....!.... 328 

Punches, spiral 329 

Punching, automatic 327, 328 

Punching bear, duplex lever 330 

bear, hydraulic 330 

bear, screw 329 

machines 326 

hydraulic 329 

portable 329 

marking holes for 328 

nipple 328 

V, drilling ., 328 

Purchase by schedule rates 21 
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Purchase by sum of money 20 

by trade-mark 18 

by units of contents 28 

for export ,.... 33 

Quality assured by brand 19, 418 

Quantities, computation of 5 

difficulties in calculating 6 

for tendering, approximate 25 

necessary to exact price 21 

Quantity, customary measures of ... 24 

surveyors • 7 

Quarrying by rock-drills 395, 396 

Quays, shipping 59 

Radial drilling-machines 3x4 

Rails, Barlow 241 

bridge 240 

bull-head 241 

cheapness of iron 139 

contractors'.... 243 

countries where made 244 

double-head ••I39» 241 

effect of sand on 246 

fastenings for .240, 243, 25a 

fishing-joints of 241 

flange 240 

lengths of 244 

light 241, 243 

manufacture of 141 

prices of 243 

purchase of 244 

shipment of. 245 

slippery 269 

standard patterns of 242 

steel 242 

testing of, 245 

turned and re-used 240 

used on G. W. Railway 240 

Vignoles 240 

weight of. 243 

Railway accounts 296 

axle-boxes 292 

axles, lubrication of 293 

block system 255 

brakes 91, 276 

break-down cranes 260, 36 1 , 366 

bridges 260 

carriage undcrframes 291 
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Railway carriage wheels 291 

carriages 288 

American 289 

iron and steel 291 

packing of 294 

prices of 295 

purchase of 294 

shipment of 294 

chairs 246 

crossings 252 

equipment I4» 239 

foundries 264, 267 

gradients 270 

loading'gauge 287 

locomoti ves 268 

plate-layers' tools 267 

points 251 

rates of carriage 296, 300 

rolling-stock 286 

running sheds 266 

sleepers 248 

signals loi, 255 

signal compensators 102 

signals, Board of Trade rules ... loi 

station, cranes at 260, 369, 371 

roofs.. 436 

terminal 262 

stations 261 

stores 266 

switches 251 

t raffic, interchange of 299 

traversers i 254 

turntables 253 

V, canal carriage 58 

wagon builders 305 

underframes 301 

wagons 296 

American 297 

contractors' 304 

deferred pay men ts for 305 

for minerals 298 

haulage of 298 

hiring of 305 

iron and steel 300 

narrow-gauge 303 

pricesof 303 

private owners of 304 

purchase of 301 

shunting of 298 



PAGB 

Railway wagons — 

size of, how determined 927 

sorting of 304 

specifications of 301 

springs on 300 

tarpaulins for 298 

variety of. 299 

weight carried in 299 

wheel-base of 297 

water-cranes 258 

water- tanks 258 

wheel lathes 265, 312 

tires 277, 292 

wheels andaxles 292 

chilled iron 278 

skidding of 246 

workmen's houses 266 

workshops 264, 281 

Railways described by sample 16 

land valuable by 261 

little 243 

military 288 

portable 243 

with centre rail 271 

Rain gutters, Scotch iron for 131 

water-pipes 234 

Ramps for derailed carriages 267 

Raw materials, dutyon 39 

for manufactures 65 

Reciprocal trade cheapens transport, 36, 59 

Red short iron 138 

Refrigerating, air compressors used for 88 
Refuse fuel for steam-engines, 164, 185, 187 

products, trade in 66 

Repairs, contracts for 27 

factories established for 55 

of machinery abroad .....' 42 

Reputation, purchase based on 17 

Reservoirs, height of water 79 

for towns, storage 80 

Responsibility avoided by engineers 4 

unduly allotted 4 

Restraint of trade by law 55 

Retention money in contracts 43 

Return cargoes cheapen freight 36 

Return cargoes in inland carriage ... 59 

Revolving lights, lighthouse 440 

Rhigi mountain railway 271 

Rhine water-power utilised 115 
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Right of way in coB tia ct works 8 

Ringing engines, pile 405 

Rising-main of pumps 198 

Risks and profits in factories 64, 66 

of sea carriage 35 

River current, pumping by force of... 78 

utilised as power 78, 114 

Rivet forges 344 

furnaces 343 

iron 332 

Riveting by compressed* air 91, 334 

hydraulic 332 

machine v, hand 331 

machines' 331 

• portable 333 

steam 2^. hydraulic 331 

Tweddell*s system of. 333 

Rivets, heating of 331 

Road rollers, steam 190 

engines, steam 189 

Rock-drill, diamond 389 

percussion 321 

quarryingby 396 

Rock-driiling, subaqueous 396, 411 

Rock-drills, compressed air for 90, 392 

steam-power for 91, 392 

Rolled or malleable iron 135 

Rolling-mills, increase in 135 

Rolling-stock, capital for purchasing 305 

railway 268, 286 

Rolls for iron, cost of. 141 

Roofing-sheets, galvanised ...145, 429, 435 

Russian 144 

Roofs accessibility of for repairs... 426, 429 

arched 425 

cost of 433 

covering for 425, 427 

fitting of 430 

gabled or hipped 426 

iron 423 

large 436 

lighting of 426 

weight of 435 

wind pressure on 428 

Rope, deterioration of 112 

Ropes, transmission of power by . . . 1 10, 1 1 1 

used as belting 109, 110 

wire Ill 

Rotary force-pumps 207 
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Rotary steam-engines 175 

water-engines 196 

Rotative beam-engines 200 

Rubber>lined hose-pipe 220 

tubing for compressed air 94, 4 1 1 

Russia, money currency in 47 

Russian roofing-sheets 144 

Rusting of ironwork 426, 429 

St. Louis bridge caisaoons 411 

Sale of power 74> 78, 105 

Salt water for steam boilera 61 

Sample, comparison of bulk with ... r6 

hidden defects in 16 

public works contracts 16 

purchase by 15 

purpose of specified 17 

Sampling, alteration of bulk after ... 30 

of ore 29 

Sand, cement tested with 418 

excavation of 381, 403 

for concrete 420 

pwmps 86, 411 

Saw-mills, shafting in trenches in ... 104 

Saws for hot iron 353 

Schaffhausen, power transm. at... 114, 116 

Schedule contracts, fluctuating 25 

part payments by 45 

rates, convenience of 22 

rates, imperfect 23, 24 

rates, purchase by 21 

rates, system of abused 23 

Schedules, compound 27- 

grouping of items in 24 

Scoops, excavating 385, 402 

Scotch pig-iron 131, 133 

Scotland, coal shipped from 122 

Scrap cast-iron 134 

Scrap iron, re-working of 6oi 241 

Screening of coal 124 

Screw-cutting lathes 309 

piles of steel 155 

punching bear 330 

punching machine 326 

shafts of steel 155 

Screwing laige bolts 326 

machines 325 

Screws, American standard 325 

Whitworth 325 
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Sea-board, factories on 58 

Sea-carriage, cost and risk of 35 

Seaports, factories established in ... 55 

Secondhand trades 60 

Secret mixtures, trade-marks for 18 

Sellers aiding buyer's choice 14 

responsibilities 13 

specification 11 

Semaphore signals 256 

Semi-anthracite coal 120 

Serrated cutters, revolving 324 

Service reservoirs for water 70 

Settling backs, Portland cement 413 

Shafting, couplings for 104 

distance apart of bearings 103 

hollow 104 

in trenches 104 

lines of in factories 69 

loss by friction of 105 

manufacture of 103 

maximum lengths of 103 

planished 103 

supports for 104, 334 

transmission of power by 102 

Shafts, steel 155 

Shaping by serrated cutters 324 

machines 323 

Shear steel for welding 156 

Shearing machines 327 

hydraulic 329 

of iron plates 144 

of rolled iron 139 

Sheer cranes, permanent 357 

Sheers, lifting 356 

Sheet iron 144, 226 

piling 405 

steel 154 

Sheets, annealed iron 144 

charcoal iron 144 

corrugated iron 145, 429, 435 

extras on iron 144 

Russian 144 

Shell augers 388 

Shells, cement from calcined 422 

Shelter for workmen 57 

Ship-builders' shearing machines ... 327 

Ship plates, iron 143 

steel 152 

Shipment of coal 122 



PAGB 

Shipment of engineering material, 35, 285 

of locomotives 283 

order of 37 

payment for goods on 44 

Shipping facilities 35, 131 

cranes for 371 

Ships, payment during building of ... 45 

Shunting of railway wagons 29S 

Sidings at factories 58 

Siemen*s electric transmissions 95 

steel 151, 242 

Signals, railway 255 

transmission rods for loi 

Silver currency 46 

fall in value of ^.. 46 

money in India and Russia 47 

Singles, iron sheets classed as 144 

Site, choice of for factories 62 

drainage of for buildings 62 

for factory, plan of 69 

of erection , d ifficul ties at 40 

Slates, roofing 435 

Sleepers, cast-iron 249 

creosoting of 249 

Greaves' pot 269 

oval 250 

railway 248 

shipment of 249 

steel 250 

trough-shaped 250 

wrought-iron 250 

Slide lathes 309 

Sliding-gap lathes 309 

Slotting by emery wheels 324 

Slotting machine 322 

Slurry, Portland cement 413 

Smelting of iron, coke for 1 28, 1 29 

Smithing machine, hydraulic 353 

Smiths' hearths 340 

blast for 341 

blower for 341 

brick 340 

circular 340 

fan for 341 

fire-bricks for 340 

hammers 343 

hoods for 339, 340 

iron 340 

stand-pipes for 342 
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Smiths' swages 343 

work on railways 267 

Smithy, arrangement of 339, 352 

cranes 343, 359 

furnaces 342 

smoke pipes 339 

took 339, 343 

ventilation of 339 

Smokeless coal 120 

Smoke pipes, smithy 339 

Socket pipes 227 

pipes bored 227 

Solid-drawn tubes 237 

South America, coke shipped to ... 136 

South Foreland, electric light at 96 

South Wales, steam coal in 120 

Spanish ore for steel making 36, 131 

Spark arresters, chimney ...185, 274, 285 
Special machines, where unsuitable ... 41 
Specialties, division of trades into ... 67 

Specification and sample 16 

avoided 17 

buyer's 4 

seller's 11 

Speculative contracts 9, 21, 30 

Spelter for galvanising iron 1 45 

Spigot and faucet pipes 227 

Spiral punches 329 

Spoil, dredger 398 

Spring steel 156 

Springs, rail way- wagon 300 

Spruce timber for railway wagons ... 300 

Staffordshire pig-iron 131 

rolled iron 136 

Stamp hammers 350 

Standard plug gauges 319 

screws 325 

Stations, railway 261,436 

Steam, air substituted for in engines. . . 91 
and water transmission compared 75 

barges for dredgers 399, 401 

blast for boiler furnaces 165 

boilers 163 

tubes for 236, 276 

water for 61 

brakes on locomotives 276, 282 

cars, tramway 286 

coal in South Wales 120 

cranes 365 
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Steam, dredging by 402 

digger 381 

Steam-engines 157 

accessories for 159, 186, 280 

beam 172, 200 

bearings of 179 

boilers for 163 

buildings for 182 

bull 202 

carriage of 159, 182, 186 

case-hardening of 162 

catalogues of 176 

cheap 174 

cheapness of 159 

choiceof 49, 179, 181 

compound 171 

condensing 160, 169, 171 

coupled 174 

classified by shape 172 

description of' insufficient 5 

dimensions stated by seller 1 78 

duplicate parts of... 40, 166, 180, 281 

dynamic force of 162 

equable working of 159 

export of 49, 181 

extra parts of 174 

feed-pump 173, 207, 211 

fire '. 217 

fixing of 159, 181, 188 

foundations for 62, 182 

fuel, consumption of 162, 184 

fuel economy in 159 

high-pressure 160, 169 

horizontal 173 

horse-power of 160 

locomotive 268 

low-pressure 160, 169, 184 

marine 169 

non-condensing 160, 169 

piston-speed of 160, 186, 275 

portability of 159 

portable 183 

prices of compared 178 

pumping 197 

purchase of 157, 181 

ready-made 174, 177, 190 

repairing, facilities for 1 82 

rotery 175 

simplicity desirable 1 59, 163 
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Steam-engines — 

skilled labour for erecting 159, 181 

small 190 

space for 151, 181 

starting of 159 

stationary 169 

steel and gun-metal in 179 

stroke and speed of 179, 186 

substitutes for 191 

testing of 178, 184, 283 

three-cylinder 175 

traction 189 

transmitting power from 102, 1 82 

valued by power 158 

vertical 175, 202 

wall 175 

warranty of. 4 

weight of. 159, 178 

winding 173, 271 

Steam, expansion of 169, 170, 179 

fire-engines 217 

Steam-hammers 344 

anvils for 351 

boilers for 350 

choice of 352 

different blows from 349 

double-acting 347 

force of, how calculated 348 

foundations for 349 

Nasmyth 345 

nuisance from 353 

piston-speed of 350 

purchase of 351 

rating of 347 

single-acting 345 

single-frame 346 

size of, how determined 350 

sizes and prices of 346, 347 

Steam- injector boiler feeder 211 

jackets 171, 184 

loss of, by condensation 73 

navvy 381 

pile-driver 405 

pipes, limits of length 74 

power distributed 74, 191 

pumping-engines 197 

pumps 204 

condensers for 206 

pressure in engines 160, 170, 275 
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Steam punching-machines 327 

riveting-machines 331 

sale of to users 74 

ship coaling-station 1 25 

stamp hammers 350 

superheated 75» ^1^ 

transmission of power by TZ 

utilisation of waste 162 

waste of avoided 163 

winches 36S 

Steamers for iron cargoes 134 

Steel, advantages of 150, 242 

and iron, disting. qualities ...150, 153 

angle and tee bars 153 

annealing of 152, 329 

bars « 154 

Bessemer 151, 242 

boilers 153 

brand or hall-mark for 153 

bridge plates 153 

castings 154, 155 

compressed 154 

crossings 225 

crucible 150, 153, 155 

elastic limit of. 152 

extras for 154 

for structures 151 

hydraulic compression of 85 

injured by punching 152, 242, 329 

locomotives 276 

making, ingot-moulds for 134 

making ores, sale of 29 

making, Spanish ores for 36, 131 

materials for must be suitable ... 57 

mistakes in use of 151 

piles 155 

pipes 235 

plates, cracks or flaws in 1 52 

prices of 153 

quantity converted at one time... 153 

rails 151, 242 

railway-wagons 301 

roofs 430 

screw-shafts 155 

shear 156 

sheets 154 

ship-plates 152 

Siemens' 151, 242 

sleepers 250 
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Steel, smithii^ of 152 

spring 156 

strength of 151 

Swedish iron for 155 

tempering of 155 

testing of 153 

tires 292, 301 

tool 155, 337 
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rolled iron 136, I47 
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Three-throw pumps 199 

Tiles, roofing 435 

Tiller chains in ships 100 

Tilt hammers 345 

Tires, furnace for heating 342 

railway wheel 277, 292, 301 

traction-engine wheel 1 89 
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Tool steel 155, 337, 396 
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machine 306 
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brass 237 
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coating of 237 

compressed air 94 
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discount prices of 25,237 
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usual lengths of 237 

Tunnelling, explosives for 395 

rock-drills for 391, 395 

Tunnels, use of compressed air in, 89, 392 

Turning tools of steel 155, 337 

Turntables, railway 253 

Tuyeres, smiths' hearth 342 

Tweddell 's hydraulic riveter 333 

hydraulic tools 83, 333 

Twist drills 318 

Twisted belts on pulleys 109 
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coke shipped from the 130 
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risks arising from 8 
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Vignoles rails 240 
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used a second time 80 
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